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Abstract 
Seafood-borne diseases are considered to be serious in Vietnam. The threat of 
domestic seafood-borne diseases has been reported widely in the media and many 
academic reports. Repeated observation of the high microbiological risks has caused 
an increasing concern regarding raw seafood safety in the Vietnamese domestic 
seafood distribution chains (DSDCs). There is a need for research to improve public 
understanding of safety in seafood distribution chains. To do this successfully, it is 
necessary for researchers to investigate routes of microbiological contamination and 
to evaluate the level of food safety compliance with existing regulations. This must 
be done in order to provide evidence of the current food safety status of seafood 
distribution chains and to recommend strategies to enhance seafood safety. This 
study conducted multi-site investigation in three provinces including Khanh Hoa, Ba 
Ria Vung Tau, and Ben Tre to describe the DSDCs and to test fish samples collected 
from various points in the distribution chains. A combination of observational 
surveys and a quantitative survey was developed in order to: find the routes of 
microbiological contamination; assess the status of compliance with government 
regulations; identify the main factors affecting the food safety and hygiene practices 
of fish distributors. 
The first objective was to understand the domestic fish distribution chains from 
fishing ports to retail markets in order to develop process flow charts, and describe 
the operation and activities at each stage within the DSDCs. The collection of data 
regarding DSDCs included both primary and secondary data. The secondary data 
analysis made extensive use of earlier studies, research reports, and annual reports 
from management boards of fishing ports and fish markets, authorities’ offices and 
education institutes. The primary data were collected by semi-structured interviews 
with authorities and managers of fishing ports and fish markets. Fish batches were 
then observed and informal conversations were conducted with fish distributors to 
cross check data which had been obtained from the semi-structured interviews. This 
study identified that the fish raw materials have to proceed through many stages, 
including fishing ports, traders’ establishments, and wholesale markets, before 
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entering the local retail markets. The handling of fish is mainly artisanal and depends 
mostly on human power.  
The second objective was to evaluate the microbiological quality of raw finfish 
in the DSDCs. Since fishing ports and local fish markets are common sites of 
contamination within the DSDCs, identification of both hygiene practices and levels 
of contamination of the fish in these places, was necessary. A comparative study of 
the microbiological quality of raw finfish from both fishing ports (FP) and local fish 
retail markets (FM) with the national microbiological standards was carried out. A 
total of 60 samples and 75 samples were collected from FP and FM respectively, in 
the three target provinces. They were tested for aerobic plate counts (APC), coliform, 
fecal coliform,  Staphylococcus aureus, Clostridium perfringens, and Salmonella 
spp. In statistical analysis, there were no significant differences (p< 0.05) between 
mean of APC, coliform, fecal coliform, C. perfringens, and S. aureus of samples 
from FP and FM. There were also no significant differences between the means of all 
agents in samples from the three provinces. Overall, 42 and 39 percent of samples 
from FP and FM respectively were classified as unacceptable according to the 
microbiological standards of Vietnam.  
The third objective was to evaluate the level of hygiene and sanitary 
compliance with Vietnamese government regulations and hygiene handling practices 
of fish distributors within the DSDCs in Vietnam. Infrastructure conditions and 
documents related to hygiene procedures of trading places, including 6 fishing posts, 
32 fish trading establishments, and 12 fish markets in three target provinces, were 
evaluated using checklists based on the Government regulations. The hygiene 
handling practices of 135 fish distributors were also observed by using notational 
analysis methods. This notational analysis method focused on actions related to 
microbiological contamination in terms of hand washing or glove changing and the 
cleaning and sanitising of tools and equipment. Temperature of raw fish materials in 
the chains and the times at which they were taken, were also recorded at each stage 
of the DSDCs. The results indicated that the hygiene conditions and documents 
related to hygiene procedures of all trading places could be classified as non-
compliant (%) or seriously non-compliant (%) with government regulations. The 
practices of fish distributors were also identified as high risk for contamination of 
raw fish. The findings showed that the temperature controls for almost all fish 
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batches from fishing ports to retail markets were unacceptable compared with the 
national regulations and international standards. From the results, it can be predicted 
that the risk of microbiological contamination of raw fish from physical 
environments and fish distributors may be high and that some pathogenic agents 
could multiply to above the acceptable level due to non-compliant time and 
temperature control. 
The last objective of this research was to identify the factors affecting the food 
safety practices among fish distributors of the DSDCs. A mixed method design was 
used for this. It included a focus group discussion among fish distributors and other 
qualitative techniques including in-depth interviews with fish distributors, food 
safety experts and government authorities. The results of the focus groups and the 
interviews were then applied to explore possible dimensions of food safety practice 
and factors affecting food safety practices. In the main survey, a quantitative 
approach was conducted using questionnaires completed in face to face interviews 
with 180 fish distributors in the fishing ports, trading establishments, and retail 
markets. The survey revealed the poor knowledge of food safety and hygiene among 
fish distributors and the ineffective use of food safety management of the DSDCs, 
both of which contribute to non-compliance with food safety regulations. The only 
potentially positive factors affecting the food safety practices of fish distributors 
arose from the consumers and their criticisms.  
In the final phase of this research, the routes of contamination were 
summarised based on the results of each part of the study. The potential contaminant 
sources, including sanitary practices, handling practices, infrastructure conditions, 
and quality of fish input to the DSDCs, were discussed. Strategies for improving 
seafood safety in the DSDCs, including: developing guidelines on applying formal 
fish safety management systems; education and training; seafood control system 
updating; technical support; improving infrastructure and facilities; and improving 
communication, were proposed and recommended for governments and the seafood 
industry in Vietnam.  
It can be concluded that the food hygiene and safety of the DSDCs was 
seriously non-compliant with government regulations, leading to poor control of 
hazards and high microbiological contamination levels and high incidence of 
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pathogenic microorganisms. Therefore, more concern and attention should be paid to 
these issues by both the government and seafood industry in Vietnam.    
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Chapter 1: Introduction 
1.1 BACKGROUND 
Food safety is a significant challenge for public health systems worldwide 
(Painter et al., 2013; WHO, 2000) with an estimated 20% of people suffering 
annually from food-borne disease in developed countries (Hall et al., 2005; Painter, 
et al., 2013). In Vietnam, the National Food Administration reported in 2012 that 
there were 168 substantial outbreaks of food-borne diseases, with an estimated 5,541 
hospitalizations and 34 deaths in 2012. Food-borne illness is caused by the 
consumption of food contaminated with viral, bacterial, parasitic, or chemical agents. 
The two leading causes of illness are viral and bacterial. According to Gould et al. 
(2013), in the United States, during 2009-2010, there were 790 outbreaks with a 
single, confirmed etiologic agent: microbiological agents accounted for 749 (94%); 
chemicals and toxins caused 39(5%); and parasites caused 2 (0.2%) of these. In 
Vietnam, during 2004-2008, it was estimated that 42.2% of outbreaks were due to 
microbiological causes (Vietnam Food Administration, 2013).  
The issues of food-borne diseases are considered as comparatively serious in 
Vietnam because of some characteristics of Vietnamese food production and food 
consumption habits. According to Juan and Bryant (2013), the main factors 
contributing to emerging food-borne infections and diseases in Vietnam are: the 
close proximity of human and animal populations, inadequate management systems 
of small animal production such as mixed species and no traceability, unhygienic 
facilities, low levels of inspection commitment, and the traditional habit of 
consuming raw blood, meat, fish, and leafy vegetables. The issues of food safety and 
related illness also have been critical in some fish-borne disease outbreaks in the 
seafood industry (MARD, 2008). Indeed, the threat of domestic seafood-borne 
disease has been reported widely in many studies in Vietnam   (Nguyen, 2008b; 
Phan, Ersbol, Do, & Dalsgaard, 2011; Tran, Moutafis, Istival, Tran, & Coloe, 2007). 
 The government of Vietnam has recognised and attempted to address issues 
about seafood safety. Since 1998, Vietnamese regulations have required national 
registration of seafood traders and obligatory implementation of food safety 
regulations (MARD, 2008). However, experts in food safety indicate that regardless 
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of government regulations, there are still many factors that impair ready 
implementation of food safety regulations such as: low knowledge, limited human 
resources, and inadequate physical environment (Ball, Wilcock, & Aung, 2009; Baş, 
Yuksel, & Cavuooflu, 2007; Mitchell, Fraser, & Bearon, 2007; Nieto-Montenegro, 
Brown, & Laborde, 2006). In Vietnam, there are few studies on food safety 
perception and the extent of compliance with food safety regulations, especially in 
the seafood industry. The most recent studies have indicated that one of the possible 
causes of fish-borne diseases is seafood distribution chains (MARD, 2008; Nguyen, 
Dalsgaard, Phung, & Mara, 2007; Vo, 2006). The studies also raise concerns about 
the food safety management system, the physical environments of fish distribution 
points and the quality of the fish distributors themselves. Currently, there is a need 
for research to help improve general understanding of the need for, and 
implementations of, safety precautions in seafood distribution chains, and a further 
need for research to evaluate current levels of food safety compliance with 
established regulations. This study targets domestic seafood distribution chains 
because these chains are responsible for seafood safety in Vietnam.          
1.2 LITERATURE REVIEW 
1.2.1  FOOD SAFETY IN VIETNAM 
Population growth, increased animal production, and changing food 
consumption patterns have impacted the face of food safety in Vietnam. Carrique-
Mas and Bryant (2013) indicated that endemic pathogens related to food-borne 
diseases are more common as causes of clinical diseases in Vietnam than in 
developed temperate-zone countries. The major sources of disease come from food 
contamination.  According to a report by the Vietnamese Food Administration 
(VFA), Ministry of Health (Table 1-1), between 2004 and 2012 there were, on 
average, 172 outbreaks of food-borne disease per year, with an average of 5,699.7 
cases per year, and the average number of deaths was 46.1 per year. The pattern of 
outbreaks has fluctuated over 9 years. The VFA estimated that the main causes of 
food poisoning from 2004 to 2008 were microorganisms (42.2%), natural poisons 
(26.7%) and chemical residues (9.8%) (Table 1-2). The main causes of 
microorganism contaminated food arose in the food processing and in the 
transportation stages of raw food distribution. In one study of 76 samples of poultry, 
there were 41 samples (59.4%) contaminated with the microorganism S. aureus at 
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above the microbiological national standard, and 6 samples (8.7%) were infected 
with Salmonella (Ministry of Health, 2009).  The analysis of marketed foodstuffs 
from 2004 to 2008 revealed that the highest proportion of poisoning was in fruits and 
vegetables (Figure 1-1). Seafood contributed as causing the second highest 
proportion of poisoning-related food-borne illness. Pathogens can be transferred to or 
can contaminate seafood directly, during the processing, distribution and storage 
stages; they come from infected humans who handle the seafood or from 
environmental contamination (Ministry of Health, 2009).  
 
Table 1-1: Food-borne outbreaks reported in 2004-2008 in Vietnam 
Year Number of Outbreaks Number of hospitalizations Deaths 
2004 145 3,584 41 
2005 144 4,304 53 
2006 165 7,135 57 
2007 247 7,329 55 
2008 205 7,829 62 
2009 152 5,212 35 
2010 175 5,664 51 
2011 148 4,700 27 
2012 168 5,541 34 
Total 1,549 51,298 415 
Average/year 172.1 5,699.7  46.1  
(Source: (Vietnam Food Administration, 2013))  
Figure 1-1: Percentage of sets of poisonous foodstuffs 
 
(Source: (Vietnam Food Administration, 2009))  
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Table 1-2: Food-borne disease outbreaks and cases by aetiology in Vietnam 
(Source: (Vietnam Food Administration, 2009))  
In recent years, the high microbiological risks in Vietnam have caused 
increased concern regarding raw seafood safety. Common seafood poisoning risks in 
the Vietnamese fish industry include Ciguatera fish poisoning, histamine poisoning 
(tuna, mackerel, bonito, mahi mahi) and biological contaminants (viral, bacteria and 
parasites) (Vietnam Food Administration, 2009). A few studies about microbiology 
have pointed to rather high pathogen loads in raw seafood in the domestic market 
(Lan, Dalsgaard, Cam, & Mara, 2007; Nguyen, et al., 2007; Tran, et al., 2007). The 
Nguyen (2008b) study of microorganism contamination of seafood in Hanoi from 
2006 to 2008 showed that among 300 frozen seafood samples, 27% of samples were 
contaminated by microorganisms above the national microbiological standard.  Trinh 
(2009) also found that most of the seafood samples in his study were contaminated 
with E. coli at a level many times higher than the national microbiological standards. 
These studies indicated high levels of contamination, which strongly suggests that 
the problem is widespread nationally. The identification of routes of microbiological 
contamination and the improvement of the biological quality of seafood are 
necessary. However, rigorously gathered quantitative information to justify these 
perceived needs is scarce.   
Despite relatively little systematic research, there is a high level of public 
awareness and concern about seafood safety. It is expressed in numerous public 
information campaigns by the press, television, radio, loudspeakers, and posters in 
streets. However, the official number of deaths due to food poisoning in Vietnam has 
been estimated to be very low (average 46 deaths per year – Table 1-2). It is not 
known if this figure reflects the true situation regarding food-borne illness or is a 





































































No % No % No % No % No % 
2004 42 4,849 286 143 50.0 18 6.3 34 11.9 68 23.8 23 8.0 
2005 38 5,519 249 117 47.0 22 8.9 21 8.4 59 23.7 30 12.0 
2006 41 8,250 289 123 42.6 43 14.9 29 10.0 69 23.9 25 8.7 
2007 41 7,522 348 130 37.4 33 9.5 25 7.2 105 30.2 55 15.9 
2008 39 6,401 317 115 36.3 29 9.1 37 11.7 96 30.3 40 12.7 
Total  32,541 1.489 628 42.2 145 9.7 146 9.8 397 26.7 173 11.7 
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There are reasons to believe that the current survey data from the Vietnam 
Food Administration of the Ministry of Health on food-borne disease outbreaks in 
Vietnam is unreliable. For example, the Food Safety Report 2009 by the Ministry of 
Health (Ministry of Health, 2009) contained inconsistent data on outbreaks and 
deaths. Report number 225/BC-UBTVQH12, which reported from 62 provinces and 
cities, indicated that during 2004 to 2008, the total number of outbreaks of food-
borne disease was 2.160, with 42.828 hospitalizations, and the deaths of 391 people. 
However, Report 38/BC-CP (02/4/2009) over the same time period, found that the 
total number of outbreaks of food-borne disease was 906, with 30.180 case 
hospitalizations, and the number of deaths, 267 people. Inadequate quality in data 
collection may cause such disparities (Government of Vietnam, 2006) and Carrique-
Mas and Bryant (2013) pointed out that there is limited valid assessment of burden 
from either research or surveillance data on food-borne diseases, although these 
pathogens are fairly common. The authors also indicated that surveillance of food-
borne zoonosis was a weak aspect of the health system in Vietnam (Carrique-Mas & 
Bryant, 2013). The ineffective systematic surveillance system may be due to weak 
structural organization and limited human and financial resource allocation. 
Moreover, some reports showed that many Vietnamese people are reluctant to seek 
medical care and be admitted to hospitals when they have diarrhoea or minor food 
poisoning. Therefore, data on diarrhoea or food poisoning is not adequately reported 
under the current surveillance system (Government of Vietnam, 2006; Nguyen, 
2012). Another weakness of food-borne disease data in Vietnam is the lack of detail 
on the etiology of food-borne contaminants. Therefore, the true incidence of 
particular diseases and trends over time cannot be assessed (Government of Vietnam, 
2006; Nguyen, 2012). Carrique-mas and Bryant (2013) mentioned that Vietnamese 
hospitals often did not adequately diagnose and report serious disease from bacterial 
and parasitic infection, such as leptospirosisa and toxoplasmosis. Therefore, the true 
incidence of food-borne disease is not known. 
It can be assumed that many food-borne disease outbreaks are not detected and 
reported. Furthermore, there is limited scientific study of the safety of Vietnam’s 
food supply. There is minimal independent,  critical  assessment  of  the  integrity  or 
validity  of  the  published  information available  and  few comprehensive analytical 
methods are applied to analyse foodstuffs (Carrique-Mas & Bryant, 2013; 
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Government of Vietnam, 2006; Nguyen, 2012). This lack of information may 
contribute to deficiency in outbreak detection and response at national, provincial, 
district, and communal levels.   
1.2.2 RAW SEAFOOD IN VIETNAM 
Vietnam has 3,260 km of coastline, and there is a very large and complex 
fishing industry (Vietnam Fisheries Society, 2007). Capture fisheries production in 
Vietnam has been developing rapidly over recent decades and yield reached 2.5 
million tonnes in 2013 (Figure 1-2). Finfish account for more than 76% of the total 
capture (see Appendix 1-1). The fishing industry has contributed significantly to the 
economy of Vietnam, accounting for nearly 4% of Gross Domestic Product (GDP) in 
2009 (Stanton, 2010). Approximately 10% of the Vietnamese population earn their 
main income from fisheries (Nguyen, 2011a).  
Fish and seafood are important food sources in Vietnam. With increasing 
affluence, the diet of Vietnam’s people is diversifying to include seafood and 
increasing in quality. The number of seafood markets is growing every year.  Based 
on the Food Balance Sheets data provided by the Food and Agriculture Organization 
(FAO, 2009), the annual per capita consumption of fish/seafood was 32.5 kg in 2009. 
In comparison, per capita consumption of pork and poultry was 34.9 kg and 10.2 kg 
in 2009 respectively, indicating fish/seafood consumption to be the second largest 
type of animal product consumed. In a regional report, Le and Nguyen (2012) 
indicated that the average fish consumption in 2011 was 55.9 kg/person/year in the 
Mekong Delta area, Vietnam.  
The domestic seafood market is mainly supplied by locally produced fish and 
seafood. Imports of fish and seafood are quite rare (Stanton, 2010). Traditional eating 
habits mean Vietnamese consumers strongly prefer eating fresh rather than frozen 
seafood  (Chu & Pham, 2013; Nguyen, 2011a). Le and Nguyen (2012) conducted 
studies during 2010-2011 about household consumption of fish in the Mekong Delta: 
between 91% and 98% of fish consumed was fresh and 95.7% of this product was 
bought from local markets. The coastal middle area of Vietnam and the Mekong 
Delta are major areas of finfish capture (see Appendix 1-2). In 2010 the total finfish 
production of the Mekong Delta and the coastal middle area was estimated to be 
615600 tonnes and 516700 tonnes, respectively. Ben Tre province and Khanh Hoa 
province are representative of these regions.  
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Figure 1-2: Seafood production in Vietnam (2000-2013) 
  
(Source: (Directorate of Fisheries, 2014)) 
 
Food safety of fish and seafood is now receiving increased concern among 
local consumers. Gerber et al (2014) pointed out that consumers were more likely to 
buy from trusted “safe” sources than from others. Usually, their trust just tends to be 
based on local reputation rather than evidence about produce safety. Vietnamese 
consumers’ awareness of the issue of food safety is growing significantly because of 
widespread and regular exposure of the matter by different media. One study 
estimated that people are willing to pay 60% more for safe products than for others 
(Mergenthaler, Weinberger, & Qaim, 2009a). It is, therefore, clearly indicated that 
the supply chain should be ready to respond to the growing demand for food safety.  
1.2.3  SEAFOOD DISTRIBUTION PATTERNS IN VIETNAM 
Seafood distribution in Vietnam is quite complicated because of the varied 
geographical areas served, diversified products offered, seasonality of production, 
and  various direct and indirect linkages between fish traders and consumers 
(Nguyen, 2008a). 
Pham (2008) and Tuong et al (2009) described the domestic seafood 
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water’s edge or fishing ports. Seafood is traded through intermediate markets before 
being redirected or re-consigned to retail outlets. Seafood then moves to wholesale 
markets, an intermediate stage. These are mainly located in big cities and open early 
in the morning every day. Some markets also sell directly to the final consumers. 
During the final marketing stage, seafood is distributed to consumers through retail 
outlets, including traditional open air retail markets, supermarkets, restaurants and 
canteens (Pham, 2008; Tuong, et al., 2009).  
Traditional markets are found in urban and rural areas, and consumers have 
easy access to this seafood. The markets are open every day. Generally, the markets 
sell all kinds of food. Normally, seafood is sold in a separate area without separating 
walls. All kinds of seafood are offered for sale: live, dead, whole fish or pieces of 
fish. Seafood usually is displayed on slabs, and live fishes are placed in crates with 
water (Lem, Tietze, Ruckes, & Anrooy, 2004; Pham, 2008).  
Nowadays, seafood is also sold in supermarkets, which are emerging 
throughout the big cities. In the supermarkets, a range of processed fish is sold in 
small portions and fish may be sold whole, gutted, or in pieces. Open freezers are 
used for storage and display the seafood. Hotels and restaurants usually offer cooked 
seafood; however, consumers may choose live seafood and ask for it to be cooked  
(Pham, 2008). 
Only a minority of seafood is purchased from restaurants or modern 
supermarkets. Some studies have shown that more than 80% of consumers in urban 
areas usually buy fresh food in traditional markets, rather than in supermarkets 
(Chen, Shephard, & Da Silva, 2005; Chu & Pham, 2013; Le & Nguyen, 2012). 
Despite the development of modern supermarkets, most consumers prefer to 
purchase their fresh food at traditional retail markets where they expect to find 
fresher unprocessed food, cheaper prices, and greater convenience compared to 
supermarkets. This trend may also depend on traditional tastes and habits of 
Vietnamese consumers, which are for fresh seafood or meat from recently caught or 
slaughtered animals (Chu & Pham, 2013; Lapar et al., 2009; Le & Nguyen, 2012; 
Maruyama & Le, 2007). Furthermore, some consumers do not trust modern 
supermarkets to be the best source of “safe” products. They tend to trust and buy 
from individual vendors with good reputations (Gerber, et al., 2014). Lapar et al 
(2009) indicated that Vietnamese consumers are satisfied with their access to fresh 
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food from these markets and so they will most likely remain in high demand. 
Vietnamese consumers’ consumption behaviour and preferences are not expected to 
change in the near future.  Therefore, traditional markets remain important places in 
which to study the domestic seafood supply chain (DSDC) and food safety. In this 
research, traditional markets will be the main focus. 
1.2.4 CURRENT HYGIENE AND SAFETY ISSUES OF RAW SEAFOOD IN VIETNAM 
Vietnam is increasing its presence in regional and international markets as a 
key producer of high quality fish and seafood products. Seafood export has risen 
rapidly since the 1990s.  Despite success achieved to date in regard to the quality of 
exported produce, a considerable amount of poor, unsafe raw food is still supplied to 
domestic markets (Gerber, et al., 2014; MARD, 2008; Nguyen, 2005; Nguyen, 2012; 
Nguyen, 2011a). 
Vietnam has been facing enormous challenges in improving its seafood safety 
and regulatory system, particularly for domestic production and consumption. 
According to a report by the Ministry of Agriculture and Rural Development 
(MARD, 2008), low quality and unsafe raw materials may be due to many factors, 
including improper practices such as insufficient icing/cooling, poor/rough handling, 
prolonged temperature fluctuations, and lack of grading. Often, raw seafood is not 
protected from contamination and temperature fluctuations that could lead to unsafe 
product (MARD, 2008; Nguyen, 2005). Nguyen  (2011a) speculated that the lack of 
facilities such as efficient transportation, storage, and equipment, impaired seafood 
safety. Another study of commodity chains in Northern Vietnam, found a lack of 
equipment and human resource capacity make it difficult to control food safety 
(Gerber, et al., 2014). Moreover, seafood is often not labelled for traceability in case 
of problems or disease outbreaks (Tuong, et al., 2009). The Vietnamese legislative 
framework does not adequately cover the control of the environment, and action is 
taken only after a problem has occurred (Duijin, Beukers, & Pijl, 2012; MARD, 
2008; Tuong, et al., 2009).  
Many suppliers, handlers and retailers involved in the distribution chain are not 
conversant with the hazards linked to fish and fishery products that threaten the 
health of consumers. Many cannot determine the chemical, physical or biological 
hazards that may present during processing, transportation, and sale of fish product 
(MARD, 2008). In a study of the shrimp supply chain for export companies in the 
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Mekong Delta, Vo (2007) revealed that the suppliers’ capabilities are limited. This 
includes their lack of quality awareness and low education resulting in difficulty in 
understanding and applying quality knowledge. Particularly, many workers do not 
seem to understand the importance of the quality of their products in relation to the 
quality of the final product traded in the market (Vo, 2007). All of the above issues 
have been speculated on in various studies; however, there is no specific research 
into non-compliance at each supply stage and no analysis of factors affecting non-
compliance within the seafood supply chain. The focus of this thesis is to gather 
evidence of non-compliance and to illuminate factors such as inadequate 
infrastructure and the limited food safety knowledge of suppliers. 
In general, the studies above indicate inadequate safe food implementation in 
the seafood industry in Vietnam. However, most of these studies do not show clear 
research methods (MARD, 2008; Nguyen & Nguyen, 2011; Nguyen, 2005; Vo, 
Bush, Le, & Nguyen, 2010). Further, these studies may have been based only on 
anecdotal evidence and, additionally, they were not designed for a specific domestic 
seafood distribution chain (Nguyen & Nguyen, 2011). Indeed, some of them did not 
distinguish between export distribution chains and domestic distribution chains 
(Lewis, 2005; Pham, 2008; Vo, 2006). To ensure more effective evaluation of 
domestic distribution chains, it is necessary to conduct research directly, to determine 
and evaluate domestic distribution chain.  
In recent years, the Vietnamese government has paid considerable attention to 
reducing the risks from seafood. Although some progress has been made, knowledge 
of how to maintain the quality and safety of fish is still lacking. Coordination of 
activities to ensure safe practices throughout the entire food supply chain is a 
challenging task for regulators. There is a lack of skilled manpower for food 
inspection, analytical capacity and surveillance, which is combined with deficiencies 
in equipment in laboratories. Among fish suppliers, knowledge about food safety 
appears to be quite low (Nguyen, 2011a; Pham, 2008; Vo, 2006). The seafood 
industry needs to improve practices to eliminate hazards and risks in the distribution 
chain and therefore, priority should be given to developing efficient strategies for 
seafood safety through the entire supply chain. The analysis of reasons for, and 
evidence of, inadequate food safety implementation in this study will indicate 
directions for future strategies and techniques to improve food safety.    
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1.3 RESEARCH RATIONALE 
As recent studies have shown, there is some evidence that raw seafood 
products at local markets contain high levels of biological contamination (Dung et 
al., 2007; Nguyen, 2008b; Nguyen, et al., 2007; Phan et al., 2005; Phan, et al., 2011; 
Tran, et al., 2007; Trinh, 2009), giving consumers in domestic markets ample reason 
to be concerned about seafood safety. Most concern arises due to improper practices, 
poor condition of facilities and infrastructure, and limited knowledge of food safety 
among suppliers (MARD, 2008; Nguyen, 2011a; Tuong, et al., 2009; Vo, 2006). 
Despite these concerns, there have been only a limited number of studies conducted 
with a focus on hygiene and safety with respect to the raw seafood of domestic 
distribution chains (Nguyen, et al., 2007; Tran, et al., 2007). In particular, food safety 
compliance, and the factors that appear to impact on safe seafood compliance, are 
mostly neglected in the research. Therefore, to reduce the public health risks arising 
from unsafe raw seafood in domestic markets, this research will focus on seafood 
hygiene and the safety of the Vietnamese seafood distribution chains.  
In Vietnam, the development of practical programs to improve safe food 
handling in the seafood distribution chain are limited by researchers’ gaps in the 
evidence regarding operations, hygiene and safety status of the distribution chain, 
and routes of microbial contamination (MARD, 2008; Pham, 2008). There has been 
little research into those issues in the existing literature on the Vietnamese seafood 
industry. In order to address these knowledge gaps, this research has focused on 
assessments of the microbiological quality of products in the distribution chain; the 
infrastructure of the distribution chain; and safety practices of suppliers. The results 
of each part will address the shortfalls in the information regarding the seafood 
distribution chain in Vietnam.  
Ultimate responsibility for seafood safety lies with fish distributors, including 
fish handlers, middlemen traders, and retailers. Seafood safety is more likely to be 
achieved when food supply systems control all factors that directly affect the food 
safety behaviour of workers. A component of this research is to survey food safety 
behaviours in the seafood industry to find factors that influence safe food handling 
among domestic seafood distributors. The results of this survey will contribute to the 
identification of the causes leading to unsafe food practices and will help develop 
food safety strategies in the seafood distribution chains.  
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The ultimate goal of this research is to recommend strategies to improve 
seafood safety and to define the roles of government and professional trade bodies in 
the implementation of policies. This work will contribute to protecting consumer 
health, and hopefully will increase public confidence in the raw seafood distribution 
chain in southern areas particularly, and in other regions of Vietnam in general. 
1.4 OBJECTIVES  
The general objective of this research is: 
 To provide evidence of the current food safety status of Vietnamese seafood 
distribution chains and to recommend strategies to enhance seafood safety. 
 
The specific objectives for each part of this research are: 
• To describe and document the operation of a major domestic seafood 
distribution chain (DSDC) in Vietnam 
• To evaluate the microbiological quality of fish products in the DSDC 
• To evaluate the level of hygiene and sanitary compliance with Vietnamese 
regulations.  
• To identify and analyse the factors that appear to influence food safety and 
hygiene practices of fish distributors. 
1.5 OVERAL RESEARCH DESIGN  
The overall research design for this study includes four main stages. A research 
process is summarised in Figure 1-3  
Stage 1: Comprehensive narrative review 
This stage included an extensive literature review. This aimed at identification 
of gaps in knowledge in order to develop the research objectives, and to determine 
the methodologies for the research. 
Stage 2: Description of the operations of DSDCs   
Developing process flow charts and describing the process or operations and 
activities at each stage within DSDCs 
Stage 3: Assessment of seafood safety compliance   
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Assessments of the microbiological quality of fresh fish in the chains; assessment of 
how infrastructures and documents related to hygiene procedures within the chains 
are compliant with government regulations; and assessment of the handling practices 
of fish distributors in terms of their compliance with regulations.  
These findings are used to analyse routes of contamination of fish and barriers to 
safety compliance in accordance with government regulations. 
Figure 1-3: Research process 
 
Stage 4: Identification and analysis of the factors affecting seafood safety 
compliance 
Qualitative and quantitative methods are applied. The qualitative research 
explores, develops, and refines the study hypothesis and instruments. The purpose of 
the quantitative step is to conduct face to face interviews using questionnaires in 
Assess compliance of 
infrastructure and documents 
related to hygiene procedures 
Assess compliance of safe food 
practices among fish 
distributors 
Assess present situation of 
seafood safety compliance 
within DSDCs 
Assess microbiological quality 
of fish products in the chains 
Literature Review 
Summary and recommend 
seafood safety strategies 
Identify and analyse factors 
affecting seafood safety 
practices 
Describe operations of DSDCs 
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order to test the research hypotheses regarding factors affecting seafood safety 
practices. 
Stage 5: Summary of findings and recommendations  
This stage is developed based on the literature review, data from the field and 
laboratory research. The contamination mechanisms are analysed and 
recommendations for seafood safety improvement are produced. 
1.5.1 STUDY SITES 
The study was conducted in three target provinces, Khanh Hoa province, Ba 
Ria – Vung Tau province, and Ben Tre province where the primary fishery supply 
sources were located. These provinces are generally representative of provinces in 
the coastal region and have a large volume of fish captured in the middle, south-east, 
and Mekong Delta areas in Vietnam (see Appendix 1-2 and Figure 1-4). 
Figure 1-4: Study areas in Vietnam 
 
1.5.2 SAMPLE SELECTION 
A cluster sampling was employed. The sampling procedure is depicted in the 
following charts (see Figure 1-5). Provinces were purposely selected. These 
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provinces in the central, southeast, and Mekong Delta regions were purposely 
selected because they have large volumes of fish captured, and are generally 
representative of the DSDCs in Vietnam. Fishing ports, fish trading establishments, 
and fish markets within provinces were randomly select in order to eliminate 
systematic bias. The process of random selection of these places included: 
The list of all fishing ports and fish trading establishments, and fish markets 
within province was obtained from Provincial department of agriculture and Rural 
development; and them Microsoft Excel (Microsoft Excel, 2007) was used to select 
random places from the list.  Sampling strategy of fish samples, participants for 
interviews and observation at fishing ports, fish trading establishments and fish 
markets have been described in details in each chapter of this study. 














1.5.3 ETHICAL CONSIDERATIONS 
The research program was awarded ethical clearance by the Queensland 
University of Technology Ethics Committee (Ethics number: 1200000541). This 
research carried low risk of harm to participants. While this was unlikely, some of 
the information that the fish distributors shared with the researcher could be 
sensitive. For instance, a fish distributor may feel uncomfortable about giving an 
opinion and perceptions of food safety, their own food safety behaviour, and the food 
safety support and management system, thus, the researcher did ask participants to be 
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optional to reveal their name and contact, and their organisation. The researcher took 
the following measures to ensure that the study complies with and exceeds the QUT 
ethical standards.  
The subject matter of the study was related to fish distributors’ daily working. 
There was no intent to elicit sensitive or personal data. Participants voluntarily took 
part in all phases of the research and were provided with detailed information about 
the study to facilitate their decision making to either participate or not participate. 
Participants had the choice to withdraw from the study at any time without comment 
or penalty. The participants were not in a dependent relationship with the researcher.  
Participation was confidential. The researcher was only persons with access to 
the questionnaires and the audio tapes. Transcripts of the interviews and the 
researchers’ writing, the researcher used pseudonyms for all participants and the 
names of fishing ports, fish trading establishments, and fish markets where they are 
employed. All data were securely stored in a locked drawer in the researcher’s office 
and will be destroyed five years from the completion of the study. There were no 
potential physical, psychological, social, or legal risks to the participants. The 
researcher made sure to always communicate the reasons for the researcher’s actions 
and questions and strived to establish a safe and friendly environment for 
participants. 
1.5.4 THESIS ORGANIZATION 
This thesis is organized as follows: Chapter Two includes description and 
documentation of the operation of major domestic seafood distribution chains. This 
chapter also encompasses discussion of the results. Chapter Three provides literature 
on microbiological contamination of raw seafood product and evaluates the 
microbiological quality of raw finfish sold in fishing ports and fish markets to obtain 
an indication of hygiene standards and levels of contamination of fish. Chapter Four 
includes literature on Vietnamese legislation frameworks and on observational 
methods, to assess the current status of safe seafood compliance with government 
regulations in term of infrastructures, documents related food safety procedures, 
time/temperature control for fish, and the safe food practices of fish workers. This 
chapter includes discussion of the results, and outlines the conclusions. Chapter Five, 
firstly, summarises the literature on factors associated with food safety practice and 
on the identification of factors that impact on the safe food practice compliance of 
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fish distributors. Secondly, the chapter present a cross-sectional questionnaire survey 
which was conducted with 180 fish distributors. The findings discuss the reasons for 
non-compliant situations. Chapter Six synthesises the overall findings of the thesis 
and includes an analysis of factors related to implementation of effective seafood 
safety strategies in Vietnam. Lastly, the limitations of the study and suggestions for 
further research are discussed. 
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Chapter 2: Description of the operation of 
major domestic seafood 
distribution chains in Vietnam 
2.1 BACKGROUND 
 The domestic seafood distribution chains (DSDCs) in Vietnam constitute a 
complex process involving many stages and traders. They are affected by numerous 
factors, such as the large range of geographical areas served, the assortment of 
products offered, the seasonality of production, and the stakeholders who participate 
along the chain (Nguyen, 2008a; Pham, 2008). The government and Vietnamese 
people are demanding seafood with guaranteed food safety and higher quality 
standards, and these demands are being passed along each stage of the seafood 
distribution chain (Le & Nguyen, 2012; Lem, et al., 2004; MARD, 2008; Vo, 2003). 
This poses new challenges for the seafood industry and government, because only 
little information has been published so far on the domestic distribution chain in 
terms of operations and product distribution.  
The lack of understanding of the process and operations within the DSDCs has 
affected food safety compliance with government regulations and efforts to improve 
quality (Lem, et al., 2004; Pham, 2008). What is needed is a clear understanding of 
the industry as a whole, and therefore it is important to have a study that describes 
the background, the principles, and the operations of the distribution chains in 
Vietnam. This study provides the required information about the distribution chain 
by presenting process flow charts developed by the author, and describing the 
process or operations and activities at each stage within the DSDCs in selected areas. 
This particular chapter discusses the food safety management of the DSDCs in 
Vietnam. 
2.2 MATERIALS AND METHOD 
This study was carried out from March to May 2012, at three target provinces 
Khanh Hoa province, Ba Ria – Vung Tau province, and Ben Tre province. The study 
of DSDCs was based on both primary and secondary data (Figure 2-1). The research 
process was as follows: 
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Step 1: Collected secondary data from management boards of fishing ports and 
fish markets, authorities’ offices and institutes 
Step 2: Conducted semi-structured interviews with authorities, managers, and 
fish distributors 
Step 3: Observed fish batches to cross check data obtained from Step 2 
(Steps 2 and 3 provide primary data) 
The secondary data analysis includes several earlier research reports, and 
annual reports from management boards of fishing ports and fish markets, 
authorities’ offices and institutes. Secondary data were collected from different 
sources including:  
- Six management boards of six fishing ports;  
- Nine management boards of nine fish markets;   
- Fisheries Promotion Departments – Centre of Agriculture and Fisheries 
Promotion in the three target provinces; 
- Fisheries and Agriculture Quality Control Divisions in the three target 
provinces; 
- Provincial-level Animal Health Departments in the three target provinces; 
- Examination agencies of provincial-level Agriculture and Rural Development 
Departments in the three target provinces, and 
- Marine Post-harvest Department, Nha Trang University. 
The main purpose of the secondary data collection was to search for documents 
and reports related to the DSDCs, including those related to: kinds of fish; operations 
of chains; stakeholders in distribution chains; amount of seafood consumption in 
domestic markets; and seafood safety status at each field visit place. In Vietnam, 
most documents relating to the DSDCs are not published through the internet, 
journals, or magazines. Therefore, searching for the documents or reports in the 
departments required the researcher to make direct contact with those agencies and 
businesses.   
The primary data were collected by semi-structured interviews with authorities 
of provincial departments of agriculture and rural development in three provinces 
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and managers of fishing ports and fish markets. Fish batches were then observed and 
informal conversations were conducted with fish distributors to cross check primary 
data collection obtained from the semi-structured interviews.  
It is necessary to work through personal and professional relationships when 
conducting field research in Vietnam. The process of establishing these relationships 
was as follows: An introduction letter from Nha Trang University was presented to 
three provincial departments of agriculture and rural development to gain their 
support in conducting the research. The leaders of each department introduced the 
researcher to the leaders of some agencies, fishing ports, and fish markets for 
interviewing for key information and for accessing documents or previous studies 
related to the DSDCs.  The initial field visits to fishing ports and fish markets were 
organised, with the assistance of authorities at the provincial level for this researcher 
to become acquainted with relevant staff and managers in fishing ports and fish 
markets. Once working relationships were established, authorities and managers 
were asked to participate in interviews. Semi-structured interviews were carried out 
with 23 managers and authorities by the researcher, using guided questions (see 
Appendix 2-2) about popular fish species consumed, their size, the catch, seasonality, 
groups of consumers, numbers of distribution-lines, places and times of supply 
events, and flow diagrams of the DSDCs. The main purpose for these interviews was 
to enable this researcher to describe the processes of the DSDCs in Vietnam and to 
identify stakeholders within the chains. 
Managers and authorities were also asked to provide a list of trader in fishing 
ports and introductions to them in order for this researcher to build relationships with 
them and gain access to potential research participants. The managers of fishing ports 
introduced the researcher to retailers or middlemen traders who were willing to 
participate in the research. Whenever possible, these retailers or middlemen traders 
were also asked to introduce the researcher to other potential traders or sub-traders, 
an approach known as ‘snow-ball’ sampling.  
The semi-structured interviews were conducted with 53 fish traders (41 
middlemen traders and 12 retailers who bought the fish in fishing ports or 
establishments and then sold fish in retail markets) using guided questions (see 
Appendix 2-1) about numbers of workers in the distribution-line, places and times of 
supply events, fish species for trading, flow diagrams of the DSDCs, methods of 
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preservation, fish handling activities, whether or not their business was registered 
with the local government, and their relationships with other traders.  
 Figure 2-1: Procedure for data collection within seafood domestic supply chain 
 
The fish traders were interviewed for the purpose of describing order to 
describe the operations of fish distributors in the distribution chains. The interviews 
were held at six fishing ports (Hon Ro and Vinh Truong in Khanh Hoa province; Cau 
Da and Cat Lo in Ba Ria Vung Tau province; Binh Dai and Ba Tri in Ben Tre 
province) and nine fish markets (Dam market, Vinh Hai market, and Hon Ro market 
in Khanh Hoa province; Cho Moi market, and Cho Cu market in Ba Ria Vung Tau 
province; Binh Dai Market, Ba Tri Market in Ben Tre province). Due to no 
wholesale market existing in the three target provinces, interviews were also 
conducted in Binh Dien wholesale market and Tan Phu markets in HoChiMinh city. 
These markets were the points from which the raw fish products from Ba Ria Vung 
Tau province and Ben Tre provinces were distributed. 
All interviews ranged from thirty minutes to two hours, the first 10 to 15 
minutes of which were used to make the acquaintance of interviewees and build 
rapport between the researcher and respondents. The hand written record of the 
interviews was typed out on the same day or the next day and interviewees’ answers 
were collated to construct flow charts of DSDCs. 
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In addition to undertaking interviews, the fish traders were asked to allow 
researcher to observe their fish batches and to accompany their fish batches from 
fishing ports to retail markets. On the time of the fish unloading from the boats, the 
fish traders divided the fish into several batches, each batch was transported to 
different places.  After receiving information about places, and times of fish batch 
transportations from the fish traders, the researcher assigned each of fish batch a 
code and then used Microsoft Excel (Microsoft Excel, 2007) to obtain random fish 
batches. The researcher randomly selected fish batches at each of the 6 fishing ports 
on each day of visiting fishing port from March to May, 2012. A total of 75 random 
fish batches from six fishing ports in Khanh Hoa province; Ba Ria Vung Tau 
province; and Ben Tre province were observed with respect to the handling 
procedures they underwent and researcher and his assistants accompanied them in 
their journey to their local retail markets.  During the observation, all activities that 
involved the handling of the fish batches were recorded in order to confirm the 
operations as described by the traders who were interviewed. The proportion of fish 
batches that might be divided into smaller amounts to supply each chain was also 
recorded during observation.    
The structures of the DSDCs as described by traders who were interviewed 
were confirmed by the researcher accompanying each fish batch from fishing ports to 
retail markets. 
Two undergraduate students of food safety major at Nha Trang University 
assisted the researcher in noting all interviewees’ answers while the researcher asked 
the questions.  They also helped the researcher to record all activities that involved 
the handling of the fish batches during observation of fish batches.    
2.3  OUTCOMES FROM THE REVIEW OF SECONDARY DATA ON 
FISHERY PRODUCTS OF THE DSDCs 
There was little information available on the DSDCs and utilization of raw fish 
and fish products in the domestic markets. However, information on production is 
available on topics such as export markets, and the seafood value chain for exports. 
Several studies have described the distribution chains and value chains from farms or 
sea exploitation to the export markets, including those of  (Duijin, et al. (2012); 
Nguyen and Nguyen (2011); Nguyen (2005); Nguyen (2011a); Nguyen (2009)); and 
(Vo, et al., 2010). These studies mentioned stakeholders and productions involving 
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export markets and gave limited information about stakeholders and operations of the 
domestic markets. Some studies were specific to seafood products such as tuna or 
shrimp supply to markets in order to analyse information for both export and 
domestic supply chains (Lewis, 2005; Pham, 2008; Vo, 2006). However, the aim of 
these studies was to address matters related to finance, credit between stakeholders 
and investment arrangement.  The activities involved in fish treatment at each stage 
of the supply chains were not examined and description of chain operations was 
sparse. Several studies regarding local seafood markets and fishing ports, including 
those of (Le and Nguyen (2012); Nguyen (2011b); Pham (2008)), focused on 
evaluating production and consumptions.  These studies provided some information 
about fish handlers, retailers and fish traders’ activities. They indicated that the 
DSDCs were complex, with many middle traders involved before the fish reached 
the final consumers. 
There is a valuable report from Lem, et al. (2004) which documented in detail 
both the seafood export chains and domestic chains. The study provided information 
on stakeholders in the fisheries’ product-marketing channels and on the marketing of 
fish and fishery products in Vietnam. However, the main limitation of this study is 
that it did not describe the activities at each stage of the chain. Furthermore, the study 
was published ten years ago; so therefore, the data may not reflect the current 
situation.   
In general, there is only minimal information available on the DSDCs and the 
domestic seafood markets. The same is true for the related stakeholders in the 
DSDCs. This lack of information hampers the evaluation of the levels of food safety 
throughout the chains. A key aim of the present study is to describe the DSDCs by 
semi-structured interviews and observation.  
Secondary data was collected on all kinds of fish trading in the DSDCs. 
Statistical data available from the website of the National Fishery Information Centre 
and Fishery associations at three target provinces were used to cross check and 
confirm the primary data. In keeping with the purpose of the study, the data on 
common kinds of marine finfish data were obtained and are presented in Table 2-1. 
The raw finfish data in Table 2-1 include data on various kinds of unprocessed 
marine finfish that are consumed commonly in the local Vietnam retail markets. 
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Table 2-1: Common marine finfish traded and consumed at the local fish markets in 
Vietnam 
Marine fish (Scientific name) CS: Common size 
Pelagic fishes 
Big fishes: Longtail tuna (Thunnus tonggol), CS: 400-700mm; Striped tuna (Sarda 
orientalis), CS: 450-750 mm; Skipjack tuna (Katsuwonus pelamis), CS:  480-560; 
Yellowfin tuna (Thunnus albacares), CS: 490-2.000 mm; Bigeye tuna (Thunnus 
obesus), CS: 600-1.800 mm; Mahi-mahi (Coryphaena hippurus), 280-800 mm; Indo-
Pacific Spanish mackerel (Scomberomorus guttatus), CS: 450-550 mm; Wahoo 
(Acanthocybium solandri), CS: 800-1000; Narrow barred Spainish mackerel 
(Scomberomorus commerson) CS: 600-800 mm. 
Medium fishes: Bullet Tuna (Auxis rochei) CS:200 - 260mm; Frigate markerel (Auxs 
thazard). CS: 250-260; Indian mackerel (Rastrelliger kanagurta), CS: 180-250 mm; 
Eastern little tuna (Euthynnus affinis) CS: 240-450mm; Redspot emperor (Lethrinus 
lentjan) CS: 250-350 mm; 
Small fishes: Layang scad (Decapterus macrosoma), CS:100-230mm; Round scad 
(Decapterus maruadsi), CS: 90-200 mm; Japanese horse mackerel (Trachurus 
japonicus), CS: 130-230 mm; Yellow stripe trevally (selaroides leptolepis), CS: 90-
121 mm; Gold stripe sardinella (Sardinella gibbosa), CS: 100-180 mm; Blue scaled 
herring (Harengula zunasi), CS: 80-150 mm; Spined anchovy (Stolephorus tri), CS: 
40-55 mm; Yellowfin flying fish (Cypselurus poecilopterus), CS: 160-180 mm 
Demersal fishes 
Medium fishes: Largehead hairtail (Trichiurus lepturus), CS: 600-900 mm; Black 
pomfret (Formio niger), CS: 200-300 mm; Silver pomfret (Stromateoides argenteus), 
CS: 200-300 mm; Silver croaker (Pennahia argentata), CS: 180-200 mm; Silver 
grunt (Pomadasys hasta), CS: 200-400 mm; Golden threadfin bream (Nemipterus 
virgatus), CS: 150-300 mm; Japanese horsehead fish (Branchiostegus japonicus), 
CS: 180-200 mm; Sharptooth jobfish, king snapper (Pristipomoides typus), CS: 180-
200 mm. Bully mullet (Mugil cephalus), CS: 140-320 mm; Bartail flathead (Platyce 
phallus indicus), PS: 300-500mm. 
Small fishes: Speckled tongue sole (Cynoglosus robustus), CS: 100-150 mm; Long 
spine seabream (Evynnis cardinalis), CS: 120-200 mm; Silver sillago (Silago 
sihama), CS: 150-200 mm; Goldband goatfish (Upeneus moluccensis) CS: 150-250 
mm; Yellow goatfish (Upeneus sulphureus), CS: 120-150 mm; Pale-edged stingray 
(Dasyatis zugei), CS: 300-400 mm: Unicorn leather jacket (Aluterus monoceros), 
CS: 200-300 mm;  Spotted goby (Acanthogobius flavimanus), CS: 85-120 mm. 
Coral Reef fishes 
Medium fishes: Red spotted grouper (Epinephelus akaara), CS: 250-300 mm; 
Greasy grouper (Epinephelus tauvina), CS: 200-700 mm; Brow-spotted grouper 
(Epinephelus chlorostigma), CS: 400-600 mm; Black-tipped grouper (Epinephelus 
fasciatus), CS: 200-250 mm; Sixbar grouper (Epinephelus sexfasciatus), CS: 200-
250 mm; Loepard coral grouper (Plectropomus leopardus), CS: 500-800 mm; 
Banded grouper (Epinephelus amblycephalus), CS: 300-350 mm; Barramundi, Giant 
seaperch (Lates calcarifer), CS: 350-600 mm; Blood snapper (Lutjanus sanguineus), 
CS: 300-500 mm. 
Small fishes: Spotted grouper (Epinephelus areolatus), CS: 45-220 mm. 
(Sources: (Association of Khanh Hoa Fishery, 2008; Service of Agriculture and Rural Development of 
Bentre Province, 2007; Service of Fisheries of Ba Ria Vung Tau province, 2008)). 
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2.4 DESCRIPTION OF CHARACTERISTICS AND PROCESS STEPS OF 
THE DOMESTIC SEAFOOD DISTRIBUTION CHAINS 
The interviews were conducted with 23 authorities of provincial departments of 
agriculture and rural development, and managers of fishing ports and fish markets. 
The procedures were described on page 19-20. The guiding questions for the semi-
structured interviews are shown in Appendix 2-2. The interviewees identified no 
exact number of fish traders or number of fish distribution lines involving the 
DSDCs in their local areas. They pointed out that there were many fish traders who 
were not registered with the authorities. Therefore, reliable information on numbers 
of traders, and on the production of the DSDCs, could not be compiled. However, the 
interviewer elicited from the interviewees, the main distributing places and 
stakeholders in the DSDCs.  
The Vietnamese seafood distribution chain was examined from ship offloads to 
retail local markets. This included fishing ports or water’s edge, middle trading 
places (establishments), wholesale markets, and retail markets. The stakeholders in 
the distribution chain in this study were “distributors”, embracing fish handlers, 
middlemen traders, and retailers. Fish handlers were defined as those who handle the 
fish in their work. The main activities of the fish handlers include sorting, 
transporting, unloading and loading. Middle traders or fish traders played a role as 
owners or fish handlers, depending on the size of their business. They might organise 
their business at a family household level or as an enterprise or as a group of traders. 
Their jobs were trading and moving fish from the ship offload areas to the final 
stages of the marketing chains. They did not sell the fish directly to the final 
consumers. The fish traders might operate at various levels. Retailers were the last in 
the distribution chains. They worked at local retail markets and sold the fish directly 
to consumers. Their activities in local retail markets might include: fish handling, 
fish scaling, and gutting.  
Based on semi-structured interviews with managers and fish traders and on the 
observation data, the process of domestic distribution chains can be described as 
follows:       
Processing steps 
The structure of the seafood distribution namely: fishing ports, trader’s 
establishment, wholesale markets, and retail markets reflects the four functional 
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stages of seafood distribution, in that each element of the structure, while relating to 
each other element, yet has its own, distinct place of ‘being’, and so its own sets of 
activities and internal governance arrangements. The relationships between each 
element can be shown in terms of chains – A, B or C as in the following figure (see 
Figure 2-2). In this section, each centre of operation (element) will be described in 
terms of its own activities and internal governance, and the relationships between the 
stages/elements will be explored.  
Figure 2-2: Marine fish distribution chains from fishing ports to retail markets 
 
 
Chain (A), from fishing ports to local retail markets or wholesale markets: fish may 
be transported directly from ports or the water’s edge to wholesale markets or local 
retail markets by middlemen traders or retailers, respectively. The means of 
transportation are mainly motorbikes or small vans. The sellers in the fishing ports or 
at water’s edge may include fishermen or the first level traders. The buyers may 
include retailers or the second level traders. 
Chain (B), from fishing ports to traders’ establishments to wholesale markets: fish 
are gathered by the first level traders (Nau vua –Vietnamese) at fishing ports or 
water’s edge and transported to traders’ establishments. The means of transportation 
in this stage depends on the distance from fishing ports to traders’ establishments. If 
the traders’ establishments are located within the fish port, the fish are transported by 
hand carts. Otherwise, the fish are transported by small vans. Fish may be resold to 
retailers or the second level traders at traders’ establishments. Then fish are 
transported to retail markets or other traders’ establishments before reaching local 
retail markets by motorbike or small van.      
Chain (C), fishing port to traders’ establishments to local retail markets: At the 
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to wholesale markets by small van. In the wholesale markets, fish may be sold to 
third level traders or retailers. In some cases, fish may be resold to the fourth level 
traders or the fifth level traders before reaching retailers at local retail markets. The 
transportation from wholesale markets to the local retail markets is effected by small 
van or motorbike.   
Based on data from the semi-structured interviews with fish traders and observation 
of 75 fish batches, Table 2-2 shows percentage amount of fish and percentage of 
traders involved in each chain of the DSDCs. Interestingly, while over 60% of fish 
was transported directly to retail and wholesale markets, the majority of middle 
traders transferred fish from the fishing ports to their establishment before 
transporting them to wholesale or retail markets. 
 
Table 2-2: Percentage of fish and traders in different distribution chains 
Distribution chains Percentage of fish 
batches in total 75 
fish batches (%) 
Percentage of 
traders in total 
(n=53) (%) 
Fishing ports  wholesale markets and 
local retail markets 
61.3 
45.3 
Fishing port  Traders’ establishments 
 local retail markets 
32 
54.7 
Fishing port  Traders’ establishments 
 wholesale markets  retail markets 
6.7 
 
Description of the DSCDs 
The findings from the semi-structured interviews and observation are presented in a 
flow chart summarising of the processes and descriptions of activities related to the 
fish at each stage of the DSDCs. Figure 2-3 summaries operations in the marine fish 
marketing process. Details are explored after the chart. 
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Scaling and gutting (if consumer requires) 
Re-icing 
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Fishing ports 
     
At this stage fish are unloaded, sorted and weighed, and then iced. After icing, 
fish are transported immediately to wholesale markets, retail markets, or traders’ 
establishments. 
 unloading  
Fish are taken from boats manually by the fish handlers using plastic or bamboo 
baskets. Fish are piled in each basket and carried from the ships to the floor of 
fishing ports, and then the baskets of fish are piled on the floor. In some cases, the 
fish are spilled out on to the floor and piled in heaps for a period of time. Parts of the 
fish are exposed to air and the ambient environment. There is no supplementary ice 
at this stage. There are also no names or business addresses of ships attached to the 
fish batch. 
 sorting and weighing 
Handlers sort the fish manually based on size and species of fish. They try to sort 
quickly and transfer fish to containers. At this stage, the fish are commonly not 
chilled by ice, so there is the potential for the fish to have to endure high temperature 
that can be high for a prolonged time period and it can even increase, especially 
when the fish are piled up in bulk. After sorting, each container of fish is weighed 
and transferred for icing.  
In some cases, the fish have been sorted on the boats before unloading, in 
which case this step was conducted solely to weigh the fish. 
 Icing the fish 
Fish and ice are put in layers into a container. Amounts of ice that are placed in 
the fish containers are based on the experience of the fish handlers. The temperature 
of the fish is not checked by using thermometers.  
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Trader’s Establishment     
   
Based on observation, in some cases, traders’ establishments are located nearby 
to the fishing ports. Therefore, the fish are transported directly from the unloading 
areas to the traders’ establishments and the sorting, weighing, and icing steps are 
undertaken in these establishments (as shown above). Following this, fish can be 
stored in ambient rooms (at the temperature of the surrounding environment) in some 
traders’ establishments. For large scale traders, fish can be stored in cool rooms 
before they are sold to other agents. In the high season, fish may be kept frozen until 
low season, when they are sold at a higher price.  
At this stage, fish are sometimes soaked in water or brine with added 
substances such as hydrogen peroxide (H2O2) or urea (CO(NH2)2) for bleaching, 
which makes them look fresh. At the traders’ establishments, fish might be sold to 
retailers or middlemen traders and transported to wholesale markets or local retail 
markets. The fish are always re-iced by spreading more ice on the surface of fish 
containers before transporting.  
Transportation  
     
Based on data from semi-structured interviews with fish traders and 
observation of 75 fish batches, Table 2-3 below presents the means of transportation 
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by middle traders and retailers. Motorbikes were used by 100% of the retailers and 
12.2% of the middle traders. Small vans were used by 87.8% of the middle traders 
but not used by the retailers. In general, the mode of transportation is not specially 
designed for the transporting of seafood and the fish containers that contain the  
finfish during transportation, are not designed for insulation. The fish are, therefore, 
sometimes exposed to the air, wind and sunshine at high temperatures.  
 




Count (n) % Count (n) % 
Motorbike 12 100 5 12.2 
Small van _  36 87.8 
Total  12 retailers 100 41 traders 100 
 
Wholesale markets 
        
Wholesale markets are largely located in big cities and open in the early 
morning for three to five hours. After selling, the fish are transferred to other 
containers. Fish containers may be plastic bags, plastic boxes, tin boxes, styrofoam 
(foam) boxes or bamboo baskets. Commonly, the fish boxes are made of plastic 
without insulation, or made of tin with expanded polystyrene insulation foam. The 
boxes are usually made of non-sustainable materials and provide poor physical 
protection for fish during transport. They are not specially designed for easy 
cleaning. At this stage, the fish are re-iced. Fish and ice are put in layers into the 
container. The amount of ice that is put in the containers is based on the experience 
of the fish handlers. The fish are mainly sold to retailers or middle traders, but fish is 
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sometimes sold directly to the final consumers. At the wholesale market, fish are not 
stored, but are transported to local retail markets as soon as they are bought.   
Local retail markets 
    
Retail markets are scattered throughout the country in cities, urban and 
suburban areas and either inside or outside market places to which consumers have 
easy access. They are not special markets selling only fresh finfish; instead, all kinds 
of seafood items are for sale. Normally, a number of retail stalls with no separating 
walls give the market the appearance of a traditional open hall, with one big roof 
above a concrete floor. Fish are placed directly on slabs. The retailers, who are 
usually women, are the last distributors at the last stage of the DSDCs. Most of them 
do not keep fish in storage and try to sell fish within one day. Once fish are bought, 
the consumer can ask the retailers to gut and clean the fish before taking it home. 
Sometimes, at the local retail markets, fish are soaked in water or brine with added 
substances such as hydrogen peroxide (H2O2) or urea for bleaching.  
2.5  DISCUSSION 
The distribution chain for processing and sale of raw fish involves various 
levels of handling from fish landing at fishing ports to middle traders to retailers. 
Once fish are unloaded from ships, they are sold to the first level traders and then 
proceed through a number of middle trading levels before reaching retailers. The first 
level traders in turn sell their fish to the second level traders and so on, with each 
level of trader handling regressively smaller volumes. In some cases, the retailers 
buy the fish from different middle traders and mix the fish together to sell. Based on 
interviews with fish traders and authorities, the longest middle trading chain includes 
up to five middlemen traders before reaching the retailers at local markets. A 
wholesale agent who is a first level trader (nau vua in Vietnamese) is usually 
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registered with the provincial government. Transactions between the first level 
traders and the second level traders or retailers or between the second level traders 
and the third level traders are almost always based on verbal agreements without 
formal contracts; however, they bind by virtue of the conventional socio-cultural 
norms based on friendship and family-based networks.  
Some of the first level traders or the retailers can buy fish without brand name 
on the fish companies or the fish suppliers with no way of knowing from which fish 
company or supplier they originate, let alone from which are or ship: so therefore, 
fish contaminated with microorganisms from different areas are mixed in with other 
fish with no way of telling where any contaminated finfish originated. Furthermore, 
given the number of people and places involved before the fish reach the consumers, 
it is very difficult to know from which places contaminated fish might have 
originated or who may have caused the contamination of the fish. This finding of 
contamination risks is similar to finding from other studies related to the DSDCs 
(Pham, 2008; Ruckes & Nguyen, 2004; Tran, 2013). This problem causes difficulties 
for control of fish contamination; additionally, the consumers do not know where the 
fish originated to help them decide on their purchase.  
This study found that ordinary vehicles were used for fish transportation, which 
was similar to the findings of another study which showed that motorbikes were used 
by 40.9% of the traders and 61.4% of retailers. In addition, small vans were used by 
36.2% of traders (Ruckes & Nguyen, 2004).  Small vans and motorbikes are not 
designed for the easy cleaning that is necessary when they are used for the 
transporting of food. Transportation is one critical stage of the distribution chain 
regarding food safety control. 
Regarding the preservation of fish by using illegal substances, based on 
interviews with authorities as well as on observation, this research has found that 
some  middlemen traders use illegal substances  such as hydrogen peroxide (H2O2) or 
urea (CO(NH2)2) to keep fish fresh and looking good. This finding was also reported 
by Tran (2013) who revealed that urea was used for shrimp preservation by urban 
wholesalers in order to help firm up the shrimps’ flesh and preserve an appearance of 
freshness (Tran, 2013). The use of illegal substances is consistently documented in 
reports on Fish Marketing and Credit in Vietnam (Tietze, 2004). It is also reported 
that fertilizer is sometimes used for preserving fish. Hydrogen or urea are not 
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presented in the legal chemical list for preserving fish and may cause harm to 
consumers (Ministry of Industry and Trade, 2010). According to Minh (2014), using 
small amounts of urea for food preservation causes food poisoning for eaters and can 
cause serious disease in long term eaters.  Therefore, these practices have given a bad 
reputation to the DSDCs and raised alarm about the public health of Vietnamese 
people.  
The findings of this research have identified that the relationships between 
traders are mainly based on personal ties or that they may be associated with the 
provision of credit between one trader and the traders at the next level without food 
safety assurance or mechanisms available to coordinate between traders; so therefore, 
no one can control the quality or food safety of the whole distribution chain. 
Furthermore, due to the small scale nature of the DSDCs (Pham, 2008; Ruddle, 
2011; Tietze, 2004; Tuong, et al., 2009) only the first level traders are registered as 
companies under the control of the food safety regulatory establishment of the 
Ministry of Agriculture and Rural Development (MARD). From the second level 
traders and subsequent levels down to the bottom level middlemen traders, effective 
food safety control is beyond the reach of the administrative system of MARD. In the 
local retail markets, there is open access for everyone to sell their products. Retailers 
do not need licenses to sell the fish, they just pay a fee to use the market’s facilities. 
Therefore, provincial governments just regulate the first level trader who is 
registered as a business company, but they have no records or effective control over 
sub-level traders or retailers who contribute significantly to food safety effects in the 
distribution chain. This problem may be a major challenge for the food safety 
management of the seafood industry in Vietnam. 
Consumers are key stakeholders in the fish distribution chain can take action to 
warn about the food safety of finfish. Thus, the operations of consumer associations 
in Vietnam will provide effective means for enhancing food safety management of 
the DSDCs. The next chapter of this study examines how pressure from customers 
on fish distributors can influence safety practices of fish distributors in the DSDCs. 
2.6  CONCLUSION  
In the study, the distribution chain has been mapped from selected fishing ports 
to local retail markets. Operations related to raw fish and fish distribution have been 
 36 Chapter 2: Description of the operation of major domestic seafood distribution chains in Vietnam 
identified. The handling is mainly artisanal and uses mainly human power. After 
landing, the fish raw material has to go through several stages, including fishing 
ports, traders’ establishments, and wholesale markets, before entering retail markets. 
This study identified a number of issues in the implementation of safe seafood 
handling within the domestic fish distribution chains, and these issues have provided 
the direction for the ensuring research in this thesis. It is of prime importance to 
analyse the food safety problems along the whole distribution chain and to suggest 
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Chapter 3: Assessment of microbiological 
quality of finfish within the DSDCs 
in Vietnam 
3.1 BACK GROUND 
Vietnam is increasing its presence in regional and international markets as a key 
producer of high quality seafood and seafood products.  Seafood export products meet the 
international hygiene requirement standards to access export markets. International 
quality assurance programs such as Hazard Analysis and Critical Control Points 
(HACCP) and Good Manufacturing Practice (GMP) have been applied in many export 
factories in Vietnam (Dao & Le, 2008; Tran, Bailey, Wilson, & Phillips, 2013 ; Vo, 
2006). On the other hand, non-export producers are a concern for public safety because it 
may be challenging to enforce food safety hygiene practices at the distribution chain level 
due to scarcity of resources and low environmental and sanitary standards (Lem, et al., 
2004; MARD, 2008; Nguyen, 2011a).  
In the report in 2008, the national government announced that microbiological 
contamination of seafood was one of the critical issues in the area of fish hygiene and 
safety in Vietnam (MARD, 2008). From biological surveillance data of the national 
government of food borne illness from 2004 – 2008, it was found that the microbiological 
contamination of the food caused 42.2 percent of all food poisoning throughout Vietnam. 
Furthermore, seafood was responsible for the second highest proportion (18.4 percent) of 
all food poisoning in that period (Vietnam Food Administration, 2009). Several studies 
pointed out that the levels of microorganism in raw seafood in retail markets were quite 
high compared that they were higher than those allowed for according to the national 
standards set by Vietnamese government. (Nguyen, 2008b; Nguyen, et al., 2007; Tran, et 
al., 2007; Trinh, 2009), These studies speculated that the presence of microorganisms in 
seafood at unacceptable levels may result from contamination, which may lead to public 
health consequences (Nguyen, 2008b; Nguyen, et al., 2007; Tran, et al., 2007; Trinh, 
2009). Since DSDCs are important raw seafood product channels for retail markets, 
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identification of levels of microbiological contamination of fish in these chains is critical 
in order to maintain awareness of ongoing problems. There is, therefore, a need to 
conduct a study to evaluate the microbiological quality of raw finfish sold in the DSDCs 
to obtain an indication of hygiene standards and levels of contamination during fish 
handling.  
The aim of this study was to examine microbiological quality of fish in terms of  
total bacteria, coliform, fecal coliform, Staphylococcus aureus, Clostridium perfringens, 
and Salmonella spp. in fish samples from fishing ports to fish local retail markets. 
Provision of these data may provide a better picture of pathogens commonly transmitted 
by seafood in Vietnam. The results of the present study will contribute to the literature 
evaluating the microbiological quality of saltwater finfish and help to indicate whether or 
not there are sanitation handling issues in the DSDCs in Vietnam. 
3.2 LITERATURE REVIEW 
3.2.1 OVERVIEW OF MICROFLORA IN FISH 
The microbial status of finfish depends on locality of catch, the season, and the 
method of catch. The natural fish micro flora is closely related to the microbial 
communities of the surrounding waters, rather than to the fish species (Huss, 1997). 
Naturally, the muscle tissue of live, healthy fish does not carry any bacteria or other 
microorganisms. However, microorganisms were found on the outer surface, gills and 
within the intestines of live fish (Arias, 2009; Betts, 2008). The intestines and gills of fish 
were usually found to have with high bacteria numbers. It has been reported that 
microorganisms that were found in significant numbers on the skin of fish were not 
detected in the water where fish lived. The variety of microorganisms in the intestines of 
fish is related to the environment (Huss, 1995, 1997). It was also identified that fish 
harvested from warm waters carry higher bacterial numbers than fish from cold waters. 
However, microorganisms associated with risks to human health may be present in both 
warm waters and cold waters (Arias, 2009; Galaviz-Silva, Gomez-Anduro, Molina-
Garza, & Ascencio-Valle, 2009). 
The indigenous bacterial flora of fish is commonly presented by psychrotrophic 
Gram-negative rod-shaped bacteria that belong to the genera Acinetobacter, 
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Flavobacterium, Moraxella,  Shewanella and Pseudomonas. Members of the families 
Vibrionaceae (Vibrio and Photobacterium) and the Aeromonadaceae (Aeromonas spp.) 
are also considered as typical of the fish flora. Gram-positive organisms such as Bacillus, 
Micrococcus, Clostridium, Lactobacillus and coryneforms may present in varying parts 
of fish (Arias, 2009; Galaviz-Silva, et al., 2009).  
A number of different types of possible human pathogens can be part of the initial 
microflora of fish and be of risk to consumer health. They may present naturally in fish 
and they include Clostridium botulinum (Non-proteolytic type B, E, F); pathogenic Vibrio 
spp.; Aeromonas spp.; and Plesiomonas shigelloides. In cases of fish capture from coastal 
areas where the aquatic environment is polluted, further pathogenic bacteria including 
Listeria monocytogenes; Clostridium botulinum (proteolytic type A, B); Clostridium 
perfringens, and Bacillus spp. may be found (Davies, Capell, Jehanno, Nychas, & Kirby, 
2001; Galaviz-Silva, et al., 2009; Huss, 1997). However, Huss (1997) and Feldhusen 
(2000) state that the microorganism risks associated with finfish are of low or no risk, 
because natural levels of  pathogen microorganisms in fish are so low that they cannot 
cause disease.  
  Capture, handling and processingof fish and their effects on the Microflora 
The microbiology of fish can change after catching and handling due to the new 
and different environmental conditions of the captured fish. Post capture, fish may be 
stored on ice in the ship, in some cases, with brine or refrigerated seawater chilled to        
-2
0
C. Many potential pathogens will survive under these conditions, but only few are able 
to grow, such as motile Aeromonas spp. and Listeria monocytogenes (Huss, 1995). 
Storing fish on ice will result in decreased temperatures, but will also decrease the salt 
concentration surrounding marine fish. These changes will influence the ability of 
organisms to survive and start to change the microflora status of fish. Inadequate 
circulation of chilled brines used to store the fish may lead to localised anaerobic growth 
of some microorganisms. Psychrotrophic spoilage bacteria can multiply to high numbers 
because of re-use of refrigerated brine that will result in the contamination of other fish 
with such microorganisms. Increasingly, fish is stored on board for longer periods. In 
order to prevent the catch from the growth of bacteria and contamination, fish may be 
 40 Chapter 2: Assessment of microbiological quality of finfish within the DSDCs in Vietnam 
frozen with freezing equipment (-18 °C) during storing on board (Arias, 2009; Galaviz-
Silva, et al., 2009). 
The levels of microorganisms in fish can multiply after their death. The barriers to 
microbiological invasion of fish flesh stop functioning and bacteria may begin to grow 
freely in the dead fish. Some kinds of bacteria are well adapted to the chill temperatures 
used for storage and may be double in number within 24 hours. Pseudomonas and 
Shewanella are significant parts of the microflora during aerobic iced storage of either 
temperate or tropical fish. Pseudomonas can be inhibited by the lack of oxygen however 
Shewanella  can grow anaerobically in some storage conditions for example when fish 
are vacuum packed or storage under carbon dioxide (Alasalvar, Shahidi, Miyashita, & 
Wanasundara, 2011; Betts, 2008).  Furthermore, fish may be eviscerated prior to storage 
at sea in order to reduce the spread of microorganisms from the intestine to the flesh of 
fish after death. This practice may however have disadvantages. The sites which open in 
the flesh because of the cutting, provide opportunities for microbial attack and spread of 
disease. Therefore, the practice of evisceration should be considered based on the size, 
species of fish, and duration of storage at sea. 
Another factor that can change the microbiology of fish after catching is the method 
of handling fish. Wild fish are commonly captured and handled with minimal control 
over concern for the physical damage done to the fish, such as loss of scales, bruising and 
bursting of the gut. Such physical damage increases the favourable conditions for 
bacterial attack and spread. Any open sites in the outer skin of the fish will invariably 
make contact with the surfaces of the facility in which they are stored, human hands and 
clothing, and may result in bacterial contamination  introduced by microorganisms from 
other sources such as humans, birds and soil (Arias, 2009; Galaviz-Silva, et al., 2009). 
The risks of contamination by bacteria will be increased upon the use of unsuitable 
materials in containers and facilities during storage and unloading at the fishing ports, 
from which the bacterial load can be substantial (Arias, 2009; Betts, 2008). The risks to 
contaminated pathogens associated with human pathogens such as Cl. Botulinum, 
members of the enterobacteriacease, depend significantly on the handling, processing, 
and preservation of fish after catching. (Arias, 2009; Betts, 2008). The level of 
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microorganisms and risks of contamination can be minimised by properly implementing 
sanitary and hygienic practices during handling, processing, and preserving. 
In conclusion, the microflora in fish after catch can be categorised into two groups: 
organisms naturally present in fish, referred to as indigenous organisms, and organisms 
contaminate to fish during handling. If fish are caught from the ocean and handled 
hygienically until consumption, the fish is considered safety. However, unhygienic 
handling and inadequate facilities can result in contamination by pathogenic 
microorganisms during harvest, processing or storage. The management of the quality of 
the water used for ice and for fish handling, as well as the use of hygienic practices, and 
appropriate personal hygiene of handlers, will all reduce contamination of fish. 
3.2.2 BACTERIOLOGICAL ANALYSIS OF FISH PRODUCT 
Although there is some information on the incidence of various pathogens on fish 
(Butt-(a), Aldridge, & Sanders, 2004; Davies, et al., 2001; Karunasagar, Karunasagar, & 
Parvathi, 2005) the bacteriological analysis of final fish products is restricted to a few 
pathogens that are interpretations of contamination and poisoning incidents. The 
application of bacteriological analysis has been applied for the testing of seafood 
products in order to control the safety of seafood or assess function of hygiene practices 
at different production stages of GHP or on the operation of the HACCP plan.  
In Vietnam, bacteriological testing of end-products is the primary guardian of 
seafood safety and verification of hygiene practices of producers. Vietnamese legislation 
has stipulated statutory microbiological standards of total aerobic mesophilic flora, E. 
coli, Staphylococcus aureus, Clostridium perfringens, and Salmonella for controlling the 
safety of fish products. So far these microbiological criteria have been applied for 
microbiological testing of fresh fish, dried fish and cooked fish.  
However, it has been pointed out that microbiological testing of the final products 
in controlling the safety of food has a number of limitations (EC-ASEAN, 2005; Huss, 
1997). There is now a form of bacteriological analysis that has been used to assess 
hygiene practices in food safety management and certification systems, such as Good 
Hygiene Practices (GHP) and the operating hazard Analysis Critical Control Point 
(HACCP). The European Committee-ASEAN (2005) claims that bacteriological tests on 
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products at different production stages can evaluate the impact of each process step in 
terms of risk reduction or increase. The European Committee-ASEAN (2005) also 
indicated that consistency criteria were required for bacteriological analysis of foodstuffs, 
including total aerobic mesophilic flora, total coliforms, faecal coliforms, Staphylococcus 
aureus, Clostridium perfringens, and Salmonella. At present, criteria can be subject to 
interpretation depending on whether or not the operation of the food chain are compliant 
with specific requirements for food safety based on the relative weighting of total 
bacterial populations and component populations.  
In reviewing the interpretation of some bacterial measures for bacterial testing for 
hygiene practices at different production stages in the food chain, several researchers 
emphasized that the role of testing for several kinds of bacteria mainly indicated the level 
of contamination for food and food poisoning incidents. Possible interpretations of testing 
for several bacteria are below: 
-Total aerobic mesophilic flora is always a reflection of total contamination. 
Ekanem & Otti (1997) reported that total APC reflects hygiene quality in food. A high 
level of total aerobic mesophilic flora may indicate cases of failure of the hot or cold 
thermal process chains (EC-ASEAN, 2005).  
- Total coliforms and faecal coliforms are an indicator of a possible faecal 
contamination (EC-ASEAN, 2005). Faecal contamination may indicate unhygienic state 
of food or of the unhygienic condition in the environment where food is handled. A high 
level of total coliforms and faecal coliforms can reflect poor hygienic practices during 
food handling (Andritsos, Mataragas, Mavrou, Stamatiou, & Drosinos, 2012; Jackson, 
Blair, McDowell, Kennedy, & Bolton, 2007).  
Staphylococcus aureus is responsible for food poisoning incidents (EC-ASEAN, 
2005).  Van den Broek and Mossel (1984) suggested that S. aureus originates from 
human skin or from the human respitatory tract, and is often found in partnership with 
faecal coliforms. The contamination of S. aureus in food may be from improper food 
handling, unhygienic conditions, or inadequate temperature control (Andritsos, et al., 
2012; Garcia, Francisco, & Moreno, 1986; Snyder, 1998). 
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Clostridium perfringens is responsible for food poisoning (Chattopadhyay, 2000; 
EC-ASEAN, 2005). Cl. Perfringens originates from faecal or ground sources. The 
presence of Cl. Perfringens may result from improper handling and the practices of food 
handlers (EC-ASEAN, 2005). 
Salmonellae spp. are responsible for serious food poisoning (EC-ASEAN, 2005). 
Incidence of Salmonellae contamination in seafood may derive from contamination 
occurring in the natural aquatic environment or during processing (Amgliani, Brandi, & 
Schiavano, 2012). 
As reviewed above, testing for total aerobic mesophilic flora, total coliforms, faecal 
coliforms, Staphylococcus aureus, Clostridium perfringens, and Salmonella are 
considered to be useful in to evaluating the microbiological quality of raw fish in order to 
obtain an indication of hygiene standards and levels of contamination during fish 
handling. Therefore, in the present study, these bacteriological tests for raw fish should 
be conducted to assess the microbiological quality of fish in terms of total aerobic 
mesophilic flora, total coliforms, faecal coliforms, Staphylococcus aureus, Clostridium 
perfringens, and Salmonella.    
3.2.3  INFECTIONS RELATED TO SEAFOOD 
Seafood is classified as high risk on the list of foods transmitting disease (Dias-
Wanigasekera, Jaykus, & Nickelson, 2011). In fish-related outbreaks, a wide variety of 
fish-borne infections and fish-borne toxicity has been researched, the results of which 
research are reported worldwide. In the case of fish-borne infections, the causative agents 
include viruses, bacteria, and parasites that enter the intestine and invade the intestinal 
mucous membrane or other organs and lead to illness in humans. In the case of fish-borne 
toxicity, the products of pathogenic agents, that may include bacterial toxins, or products 
of bacterial metabolism such as histamine, can cause intoxication to humans when these 
products are consumed (Karunasagar, et al., 2005).  
Consumption of fish-borne infection is commonly associated with food-borne 
illness outbreaks. A study about seafood related outbreaks of food-borne illness outbreaks 
in New York during 1980-1994 indicated that responsibility for seafood-related 
infectious outbreaks is about 31% for finfish and 64% for shellfish (Butt-(a), et al., 2004).  
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The has been a rise in concern with finfish infection in some countries where eating raw 
finfish or only partly cooked is a cultural  eating habit, such as Vietnam (Phan, et al., 
2011). There is ample epidemiological evidence, particularly from Japan, that 
consumption of raw fish is indeed the cause of many outbreaks of food-borne diseases 
(Brown, 2008; Goetz, 2012; Scoging, 1992). Furthermore, histamine formation makes up 
a large proportion of these outbreaks. It is associated primarily with scombroid fish 
species and caused by poor handling, resulting in temperature abuse (Huss, 1997). Table 
3-1 presents causes of infectious, fish-related illness by viruses, bacterial, and parasites. 
Table 3-1: Cause of infectious fish-related illness 
Viruses Bacteria Parasites 
Hepatitis causing viruses 
Hepatitis A virus 
Hepatitis E virus 
Gastroenteritis causing 
viruses 









      Human 
Enteroviruses 
(polioviruses, group 





 Plesiomonas shigelloides 
 Listeria monocytogenes 
 Clostridium botulinum 
 Campylobacter spp. 
Group A streptococcus 
Histamine forming bacteria 
in fish 
Bacterial pathogens 






Erysipelothrix rhusiopathiae  
Nematodes 
 Anisakis simplex 
Gnathostoma spinigerum 
Trematodes 
 Liver flukes 
Clonorchis sinensis 
 Opisthochis spp 
 Methorchis conjunctus 
 Echinostoma spp 
  Lung flukes 
 Paragonimus westermanii 
  Intestinal flukes 
 Metagonimus spp. 
 Heterophyes heterophyes 
 Nanophyetes salmincola 
Cestodes 
 Diphyllobothrium latum 
 
Sources: (Ahmed, 1991; Butt-(a), et al., 2004; García & Heredia, 2009; Karunasagar, et al., 2005; 
Novotny, Dvorska, Lorencova, Beran, & Pavlik, 2004) 
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Viruses 
The viruses associated with seafood that cause human infections are categorized 
into two groups: viral gastroenteritis and viral hepatitis (Karunasagar, et al., 2005).    
Human caliciviruses 
There are two main genera that are associated with infectious illness for humans, 
including Noro viruses, called Norwalk-like viruses, and Sapporo viruses. The norovirus 
is excreted with faecal matter of infected people and is able to persist in the environment. 
The transmission is commonly faecal-oral, through person-to-person contact or via 
contaminated food and water (Butt-(a), et al., 2004).  For some outbreaks, however, the 
mode of transmission of these viruses has not been established clearly (Glass et al., 
2000). 
Hepatitis causing viruses 
Hepatitis A virus  contaminates seafood  via polluted water and food via the faecal-
oral route (Conaty et al., 2000). The virus is considered to be more resistant to 
chlorination compared with some other enteric viruses. Oyster or clam consumption has 
been associated with several outbreaks worldwide (Karunasagar, et al., 2005). 
Hepatitis E virus is endemic and causes outbreaks mainly related to shellfish that 
can act as a vector for transmission (Karunasagar, et al., 2005)  
Bacteria 
Pathogenic and potentially pathogenic bacteria associated with fish often infect 
people through the consumption of contaminated fish orally and may be transmitted to 
humans by infected fish during handling (Novotny, et al., 2004). Common bacterial 
causative agents of human diseases transmitted from fish are presented briefly in Table  
3-2.  
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Table 3-2: Common bacteria presented in fish related illnesses 
Sources: (Ahmed, 1991; Butt-(a), et al., 2004; García & Heredia, 2009; Karunasagar, et al., 2005; Kose, 
2010; Novotny, et al., 2004)  
Microorganism Transmission Temperature and 
pH for growth  
Illness 
Bacterial transmitting orally by consumption 







pH: 5 to 11 
Gastroenteritis 








































































































pH: 4.9 to 9.5 
Gastroenteritis 
Histamine forming 













Bacterial pathogens transmitting through contact 
Mycobacterium spp.; Streptococcus iniae;Photobacterium 
damselae;Vibrio alginolyticus; Vibrio 
vulnificus;Erysipelothrix rhusiopathiae 
Wound infection 
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Vibrio species Vibrio organisms are Gram-negative, comma shaped or straight rods. 
This species grows in marine and estuarine environments (Hlady & Klontz, 1995). Vibrio 
infections occur through consumption of contaminated seafood. The most common 
species that have been implicated in food-borne illnesses worldwide are Vibrio 
parahaemolyticus, Vibrio vulnificus and Vibrio cholera (Powell, 1999).  Vibrio 
parahaemolyticus infection causes watery diarrhoea, abdominal cramps, nausea and 
vomiting (Daniels et al., 2000; Levine & Griffin, 1993). Vibrio vulnificus infection has 
the potential to lead to severe disease, severe infection, such as septicaemia with high 
mortality, and severe necrotising wound infections from exposure to contaminated water 
or handling of fish (Hlady & Klontz, 1995; Levine & Griffin, 1993). Vibrio cholera O1 
and O139 can cause large epidemics. Human infection may result in profuse, watery 
diarrhoea with substantial loss of fluids and electrolytes (Franco et al., 1997).  
Vibrio are particularly prevalent in tropical water. All most cases of food-borne 
Vibrio infection arise from consumption of contaminated seafood (Feldhusen, 2000). 
Vibrio have been detected in finfish fillets and frozen fish in many countries such as 
Uganda, Vietnam, Turkey, and Argentina (Feldhusen, 2000). Prevention of Vibrio 
contamination should focus on postharvest processing methods and proper cooking of 
seafood (Iwamoto, Ayers, Mahon, & Swerdlow, 2010). 
Salmonella species are Gram-negative. Salmonella are among the most common 
causes of acute gastroenteritis disease worldwide, with symptoms including diarrhoea, 
abdominal cramps, and fever (Brenner, Villar, Angulo, Tauxe, & Swaminathan, 2000). 
Routes of salmonella transmission include food-borne and water-borne routes, person to 
person contact, and contact with animals (Iwamoto, et al., 2010). Contamination of 
finfish with salmonella spp. is related to polluted water or cattle and human hygienic 
conditions during handing, storage, and processing. Control measures may include 
monitoring contamination of harvest waters, adequate cooking, proper storage and 
processing, and avoidance of cross-contamination during fish handling (FDA, 2011). 
Aeromonas spp were identified in fish and water. In a study of fish disease from 
Finland, Aeromonas was isolated in 93% of fish, 100% of fish eggs, and 16% of shrimp 
samples (Hanninen, Oivanen, & Hirvela-Koski, 1997). These bacteria can sometimes 
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cause fatal infection, but usually produce a diarrhoea illness. Aeromonas may have an 
extended shelf-life at freezing temperature and be transmitted through coming into 
contact with contaminated seafood (Feldhusen, 2000). 
Plesiomonas species is anaerobic Gram-negative bacillus. The most common 
clinical features of Plesiomonas spp. infection are diarrhoea and abdominal cramp. 
Consumption of seafood has been highly related to risk of infection outbreaks (Butt-(a), 
et al., 2004).  
L. monocytogenes is Gram-positive and non-spore-forming. Septicaemia and 
central nervous system infection are the most common manifestations of L. 
monocytogenes infection (Butt-(a), et al., 2004).  L. monocytogenes have been detected in 
processed seafood products such as marinated fish, surimi products and, sushi. L. 
monocytogenes can also be detected in equipment, cold stores and floor (Feldhusen, 
2000; Novotny, et al., 2004).  
 Clostridium botulinum is Gram-positive, spore-forming, and grows in anaerobic 
conditions. The toxin produced by Clostridium botulinum can attack the central nervous 
system of humans and can cause fatality within 3-6 days of ingestion (Feldhusen, 2000).  
Clostridium botulinum are isolated commonly in fish and fisheries products (Hyytia, 
Hielm, & Korkeala, 1998). Measures to prevent seafood borne Clostridium botulinum 
include temperature control and the use of time-temperature indicators to establish 
adequate storage temperatures from catch to consumption (Feldhusen, 2000).  
 Other toxin-forming bacteria. Staphylococcus aureus, Clotridium perfringens can 
form enterotoxins that can result in acute gastrointestinal illness for humans. These 
bacterial contaminations of finfish are commonly due to contamination from a handler 
during finfish handling and preparation (Iwamoto, et al., 2010). 
Campylobacter jejuni has been detected in raw and processed seafood. 
Campylobacter spp. has been described as the cause of both enteric and extra-intestinal 
infections. However, the risk of Campylobacter spp. infection-related seafood is low 
(Butt-(a), et al., 2004). The hands of food handlers or work surfaces can be a routes of 
contamination for seafood (Novotny, et al., 2004).    
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Histamine forming bacteria in fish 
Histamine poisoning is one of the most major causes of illness related to 
consumption of the Scombridae and Scomberesocidae families (Arias, 2009; Novotny, et 
al., 2004). Histamine is formed in fisheries products by microbial decarboxylation of 
histidine and by transmission of aldehyde and ketones. The microorganisms contributing 
to histamine formation are commonly Morganella morganii, Klebsiella pneumonide, 
Proteus vulgaris, and Hafnia alvei  (Kose, 2010). Fish containing histamine at levels of 
500 mg/kg are considered hazardous (Novotny, et al., 2004). Once histamine is formed, it 
is extremely stable and cannot be destroyed by cooking (Lawley, Curtis, & Davis, 2012). 
Therefore, fish containing histamine are considered as at high risk of infection related to 
fish. Poor handling of raw fish and improper storage condition are the most important 
predisposing factors leading to the formation of histamine (Kose, 2010). Preventive 
measures for histamine formation should mainly focus on time/temperature control. 
Bacterial pathogens transmitting through contact 
 People may get infectious diseases through contact with infected fish during 
handling and processing fish or preparing dishes. The bacteria commonly found in human 
infections include  Mycobacterium spp., Streptococcus iniae, Photobacterium damselae, 
Vibrio alginolyticus, Vibrio vulnificus, and Erysipelothrix rhusiopathiae (Novotny, et al., 
2004). The infections are mainly associated with injury during handling and preparation 
of fish. Wound infections have been reported after injury to the skin in most of the 
infectious cases (Novotny, et al., 2004).    
 Parasites 
Fish can be infected with parasites (in the larval stage) and so cause zoonotic 
infections in humans when people consume infected fish (Dorny, Praet, Deckers, & 
Gabriel, 2009). Nematodes (Gnathostoma, spp., Anisakidae), trematodes (Opisthorchis 
spp., Clonorchis sinensis, minute intestinal flukes), and cestodes (Diphyllobothrium spp., 
Spirometra) are common food-borne parasites. However, the nematode Anisakis is the 
main source of parasitic infection in humans from the marine environment (Dorny, et al., 
2009). The safest way of preventing associated parasitic infection is to cook seafood 
properly (Butt-(b), Aldridge, & Sander, 2004) 
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Nematodes;  
Anisakis spp. Anisakiasis is the human nematode infection most commonly related 
to marine fish that contain the larvae in the gastrointestinal tract (Dorny, et al., 2009). 
Large outbreaks of human anisakiasis have been reported worldwide, especially in 
countries with  high consumption of raw or undercooked seafood in Southeast and East 
Asia (Cited in Galaviz-Silva, et al., 2009).  The disease symptoms caused by A. simplex  
are acute epigastric pain within 1-2 hours after consumption (Butt-(b), et al., 2004). 
Freezing of raw fish (–20 0C) for 24 hours will kill the anisakids and prevent infection 
from the fish intended to be eaten raw (Karunasagar, et al., 2005). 
Trematodes 
There are 33 species of trematodes that have been found to be infectious to human 
beings via consumption of seafood; however, only a few cause human disease (Butt-(b), 
et al., 2004). Several general kinds of flukes, including liver flukes, lung fluke, and 
intestinal flukes are considered health problems in parts of Asia such as Vietnam and 
Japan (Dorny, et al., 2009). Human infection frequently results from ingestion of infected 
fish. Some sporadic cases  associated with the handling of naturally contaminated seafood 
have also been recognised in the US (Harrell & Deardorff, 1990). 
Cestodes 
Diphyllobothrium latum is the most common species causing human diseases in the 
Cestodes group (Butt-(a), et al., 2004). Infections by Diphyllobothrium spp. have been 
documented worldwide, while the highest rates of infection have occurred in areas where 
fish are eaten raw, marinated or undercooked (Butt-(b), et al., 2004).  
3.2.4  STUDIES ON MICROBIOLOGICAL CONTAMINATION IN RAW SEAFOOD IN 
VIETNAM. 
There have been very few studies of domestic seafood markets associated with 
microbiological contamination in Vietnam. However, most of these studies concluded 
that raw seafood contains high microbiological levels and high incidence rates of 
pathogenic microorganisms because of improper practices and the poor condition of 
facilities. Nguyen (2007) provided an analysis of the levels of microbiological 
contamination of fish sold to consumers at local retail fish markets in Vietnam  and 
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reported that unhygienic fish handling and inadequate cleaning practices at the local retail 
markets caused significant contamination (10
2
 – 105  presumptive thermotolerant 
coliforms per gram) of the fish. The study also suggested that the inappropriate fish 
handling and inadequate cleaning practices of the fish retailers in retail markets should be 
identified, and food safety programs implemented in order to reduce the faecal cross-
contamination of the fish they sell.  Tran (2007) also demonstrated that retail shellfish 
samples from retail markets and supermarkets in Ho Chi Minh City, Vietnam were 
heavily contaminated with enteric bacteria. It was found that 94%, 18% and 32% of 
shellfish samples were contaminated with E. coli, Salmonella spp. and V. 
parahaemolyticus respectively. Given shellfish are often eaten raw or with minimal 
cooking, the results illustrate the potential for shellfish to cause enteric disease.  
Nguyen’s (2008b) study about microorganism contamination of seafood in Hanoi 
during 2006 - 2008 found that in 300 frozen seafood samples contained 27% 
contaminated microorganisms above the limits established in the national standards. This 
contamination poses potential hazards for consumers. 
Another, high incidence rates of pathogenic microorganisms in seafood were also 
reported more than 15 years ago. There was a study that tested the incidence of 
Salmonella in imported seafood from 1990 to 1998 done by the U. S. Food and Drug 
Administration which revealed that seafood from Vietnam had the highest incidence with 
30% of samples found to be contaminated with Salmonella (Heinitz, Ruble, Wagner, & 
Tatini, 2000). Microbiological quality in Vietnam’s exported seafood products has 
recently improved significantly. However, the data on improving microbiological quality 
in seafood from Vietnam is still limited in the literature.  
With regard to hygiene and safety practices for food in local retail markets in 
Vietnam, there is high incidence of pathogenic microorganisms present not only in 
seafood, but also in other foods. Phan, et al. (2005) conducted research into Salmonella 
spp. in retail pork, beef and chicken meat in the Mekong Delta, Vietnam and reported that 
the levels of salmonella contamination were 69.9%, 48.6%, and 21.0 % of samples, 
respectively. However, another, 2007, study showed that retail beef and chicken samples 
from local retail markets in Ho Chi Minh City were much higher, at 62.0% and 53.3% of 
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samples, respectively (Tran, et al., 2007). This very high level of contamination of 
seafood and meat demonstrates that unhygienic practices at various stages of the food 
processing and distribution chain took place in Ho Chi Minh City in 2007. These studies 
have emphasized that, in local retail markets, the food safety practices of food distributors 
and environmental conditions need to have more attention paid to them to reduce risks 
from pathogenic bacteria (Phan, et al., 2005; Tran, et al., 2007). 
Regarding fish-borne zoonotic intestinal trematodes, a recent review of publications 
on fish-borne parasites showed that fish-borne zoonotic intestinal trematodes in Vietnam 
were at high levels and of concern for consumers’ safety. Dung, et al. (2007) and Phan, et 
al. (2011) reported that human infections from liver flukes and several zoonotic intestinal 
trematode species in fish, were significant (Dung, et al., 2007; Phan, et al., 2011). Do 
(2007) demonstrated that zoonotic fish-borne intestinal trematodes are endemic in 
Vietnam. Fish-bone zoonotic trematodes metacercariae have been identified in both wild 
and farmed fish in Vietnam. Therefore, these sources of infected fish may be responsible 
for trematode transmission to Vietnamese. There is a great demand from consumers, 
marketing agencies, and the tourist industry for safe fish in domestic market. 
Finally, as reviewed above about the microbiological quality of seafood in 
Vietnam, it has indicated that seafood-borne diseases in the DSDCs are significant, even 
in the raw seafood in supermarkets with their strict control and inspections by 
technicians. The reasons for the high levels of microbiological contamination may result 
from improper practices by suppliers and retailers. This consideration has prompted this 
study to evaluate the microbiological contamination and improper handling of seafood in 
the seafood distribution chain. To understand better the microbiological quality of finfish 
in the DSDCs, this study is necessary and helpful to the literature reviews about 
microorganisms within the seafood distribution chain in Vietnam. 
3.3  MATERIALS AND METHODS 
3.3.1  SAMPLE COLLECTION  
This study was carried out from March to May 2012, in Khanh Hoa province, Ba 
Ria – Vung Tau province, and Ben Tre province.  
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One hundred and thirty-five samples (n = 135) were purchased from six fishing 
ports and nine fish markets in Khanh Hoa province, Baria – Vung Tau province, and Ben 
Tre province. Of these, 60 fish samples were taken from fishing ports and 75 samples 
from fish markets. The fish samples collected at the markets were ‘tracked’ from the 
fishing ports at the loading area and accompanied to the fish markets, therefore, it was 
known which fish samples collected at the fish markets were from the same fish batches 
of samples at the fishing ports.  Sample collection time at fishing ports was around 5:00 
am to 7:00 am. Fish samples from fishing ports were taken after unloading and icing. 
Sample collection time at the fish markets was around 10:00 am to 12:00 pm. Fish 
samples from fish markets were taken once fish were displayed for sale. A fish sample of 
approximately 450g was collected from each market place, individually placed into a 
sterile plastic bag, tagged and identified. Fish sample sizes were approximately 10-18 cm; 
fish species included yellow stripe trevally, purple spotted bigeye, round scad, layang 
scad, and yellowtail scad. All of these species are commonly consumed in the local 
markets (see Chapter 2).   
Samples from Vung Tau and Ben Tre province 
 The samples collected in Vung Tau province and Ben Tre province were 
transported from the places of purchase to the temporary laboratory within 30 minutes. 
All the tools were sterilized and the laboratory bench was disinfected before sample 
preparation at the temporary laboratory. Each fish was pre-treated before its 
transportation to the main laboratory. The pre-treatment included removing the whole 
viscera of each fish aseptically with sterile scalpel and forceps and then the abdominal 
cavity of each fish was washed with distilled water. The skin and muscle of the samples 
were collected for further analysis. The samples used for tests of aerobic plate counts 
(APC), coliforms, faecal coliforms, Staphyloccus aureus, and Salmonella, were put into 
sterile plastic bags and placed into insulation boxes with ice for transportation to the main 
laboratory. The samples used for Clostridium perfringens testing were treated further. 
The following process was used: a 25g portion of the sample was transferred to a sterile 
150 ml plastic bag and 25 ml of buffered glycerine-salt solution (Sigma-Aldrich) were 
added; the sample was mixed well with glycerine solution and air was excluded from the 
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bag and then glycerin-treated samples were stored immediately with dry ice and then the 
samples were transported to the main laboratory.  
The samples were transported from the temporary labs in Vung Tau province and Ben 
Tre province to the main laboratory in Khanh Hoa province within 9 hours. The samples 
used for tests of aerobic plate counts (APC), coliforms, faecal coliforms, Staphyloccus 
aureus, and Salmonella were kept at 0
0
C – 40C during transportation and tested upon 
arrival at the main laboratory in Khanh Hoa province (the total time was not longer than 
36 hours before testing).  The samples used for Clostridium perfringens were thawed and 
tested after arrival.  
Sample from Khanh Hoa province 
The samples collected in Khanh Hoa province were put into sterile plastic bags and 
placed into insulation boxes with ice packs. The samples were transported from the 
fishing ports and fish markets to the main laboratory within 40 minutes. Samples were 
tested upon arrival at the main laboratory. These samples had been pre-treated before 
testing in the same way as the samples from Vung Tau province and Ben Tre province. 
The skin and muscle of the samples were collected for testing. 
All samples collected from Ba Ria - Vung Tau province, Ben Tre province, and 
Khanh Hoa province were collected by the researcher. However, in the main laboratory in 
Nha Trang University, in addition to the researcher, three undergraduate students Year 5 
of microbiology major at Nha Trang University assisted with this section of the project. 
All were personally selected by the researcher based on their grade point average, 
industry experience, and professionalism and then trained to assist the researcher. The 
students assisted the researcher with preparing samples, media, chemicals, and tools. 
3.3.2  ENUMERATION OF APC, COLIFORMS, FAECAL COLIFORMS, AND S. AUREUS 
COUNTS 
In the main laboratory, water was added with the sample (including skin and 
muscle) (ratio 1:1) in stomacher bags, then homogenized in a Bag Mixers stomacher 
(Seward Stomachers 400 circulator) for 3 minutes. This water was used for enumeration 
of APC, Coliforms, Faecal coliforms, and S. aureus counts. Each sample was tested in 
triplicate. The results were the means from three times of testing. Methods described in 
the US Food and Drug Administration (FDA) – Bacteriological Analytical Manual 
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Online (Food and Drug Administration (FDA), 2011) were used in the bacteriological 
tests:  
Aerobic plate count (APC) was enumerated by plate count method. Decimal 
dilutions sample homogenate were inoculated into separate, duplicate, appropriately 
marked petri dishes. 12-15 ml plate count agar (Merck) were added (cooled to 45 ± 1°C) 
to each plate within 15 min of original dilution. The agar was let to solidify. The 
solidified petri dishes were inverted, and incubated promptly for 48 ± 2 h at 35°C. All 
colony forming units (CFU) were counted, including those of pinpoint size, on selected 
plates. Dilutions were used and total numbers of colonies counted for calculating APC. 
Coliforms and faecal coliforms were enumerated by Most Probable Number (MPN) 
method. Serial dilutions of a sample were inoculated into 5 tubes of Lauryl tryptose 
(LST) broth (Merck, Darmstadt, Germany) (Presumptive test). LST tubes were incubated 
at 35° C± 0.5° C and examined for gas production at 24 ± 2 h. (1) For enumeration of 
coliforms, from each gassing LST tube, a loopful of suspension was transferred to a tube 
of BGLB broth. Brilliant green lactose bile (BGLB) broth (Merck, Darmstadt, Germany) 
tubes were incubated at 35° C± 0.5° C and examined for gas production at 48 ± 3 h. Most 
probable number (MPN) of coliforms based on proportion of confirmed gassing LST 
tubes for 3 consecutive dilutions were calculated. (2) For enumeration of faecal 
coliforms, from each gassing LST tube from the Presumptive test, A loopful of each 
suspension was transferred to a tube of EC broth (Merck, Darmstadt, Germany) (a sterile 
wooden applicator stick may also be used for these transfers). EC tubes were incubated 
24 ± 2 h at 45.5 °C and examined for gas production. If negative, they were reincubated 
and examined again at 48 ± 2 h. The results of this test were used to calculate faecal 
coliform MPN. 
Staphyloccus aureus were enumerated by the Most Probable Number (MPN) 
method. 3 tubes of Trypticase (tryptic) soy broth (TSB) containing 10% NaCl and 1% 
sodium pyruvate were inoculated with 1 ml portions of decimal dilutions of each sample 
and incubated tubes 48 ± 2 h at 35°C. Using 3 mm loop, 1 loopful from each tube 
showing growth (turbidity) was transferred to plate of Baird-Parker medium (Merk, 
Darmstadt, Germany). Inoculums were streaked to obtain isolated colonies and incubated 
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plates 48 h at 35°C. From each plate showing growth, at least 1 colony suspected to be 
S. Aureus was transfered to Brain heart infusion (BHI) broth (Merk, Darmstadt, 
Germany) (Colonies of S. aureusare circular, smooth, convex, moist, gray to jet-black, 
frequently with light-colored (off-white) margin, surrounded by opaque zone and 
frequently with an outer clear zone). Procedure for identification and confirmation of 
S. aureus (coagulase reactions +) was continued. Report S. aureus/g as MPN/g. 
3.3.3   ISOLATION OF SALMONELLA SPP. 
The method of isolation of Salmonella spp. is described in the US Food and Drug 
Administration (FDA) – Bacteriological Analytical Manual Online (Food and Drug 
Administration (FDA), 2011). 25 g sample was aseptically weighed into sterile blending 
container (MK- G28NP, National). 225 ml sterile lactose broth (Merck, Darmstadt, 
Germany) was added and blended 2 min. Homogenized mixture was aseptically 
transferred to sterile jar (500 ml) and incubated 24 ± 2 h at 35°C. 0.1 ml mixture was 
transferred to 10 ml Rappaport-Vassiliadis (RV) medium and another 1 ml mixture was 
transferred to 10 ml  Tetrathionate (TT) broth (Merck, Darmstadt, Germany) (vortex). RV 
medium was incubated 24 ± 2 h at 42 ± 0.5°C. TT broth was incubated 24 ± 2 h at 43 ± 
0.5°C. 3 mm loopful (10 µl) incubated TT broth were mixed and streaked on Bismuth 
sulfite (BS) agar (Merck, Darmstadt, Germany) and Xylose lysine desoxycholate (XLD) 
agar (Merck, Darmstadt, Germany). Plates were incubated 24 ± 2 h at 35°C. Plates for 
presence of colonies that may be Salmonella were examined. If typical colonies were 
present, biochemical and serological identification tests were applied. 
3.3.4 ENUMERATION AND IDENTIFICATION OF CLOSTRIDIUM PERFRINGENS  
The method of identification of C. Perfringens is described in the US Food and 
Drug Administration (FDA) – Bacteriological Analytical Manual Online (Food and Drug 
Administration (FDA), 2011). 
Sample and glycerin-salt solution (Sigma-Aldrich) were transferred to sterile 
blender jar. 200 ml peptone dilution fluid (Sigma-Aldrich) was added to blender jar and 





were made with peptone dilution fluid. 6-7 ml Trytose-sulfite-
cycloserine (TSC) agar (Merck, Darmstadt, Germany) without egg yolk were poured into 
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each of ten 100 x 15 mm Petri dishes and spread evenly on bottom by rapidly rotating 
dish. When agar has solidified, plates were labelled, and 1 ml of each dilution of 
homogenate was aseptically transferred to the centre of duplicate agar plates. Additional 
15 ml TSC agar without egg yolk was poured into dish and mixed with inoculums by 
gently rotating dish. When agar has solidified, plates were placed in upright position in 
anaerobic jar. The jar was established anaerobic conditions and placed in 35°C incubator 
for 24 h. After incubation, plates containing 20-200 black colonies were selected for 
counting. C. perfringens colonies in egg yolk medium were black with a 2-4 mm opaque 
white zone surrounding the colony as a result of lecithinase activity.  
The ratio of C. perfringens was determined by completed test. 10 typical C. 
perfringens colonies from TSC agar plates were selected and inoculated each into a tube 
of freshly deaerated and cooled fluid thioglycollate broth (Merck, Darmstadt, Germany). 
The tubes were incubated in standard incubator 18-24 h at 35°C. The following tests were 
done for the confirmation test: Iron-milk test, acid and gas production on the lactose-
gelatin medium, nonmotile and reduce nitrates to nitrites on the motility-nitrate medium. 
3.3.5 STATISTICAL ANALYSIS 
The data were analysed by Independent – Samples t-test to determine any 
significant difference between samples from fishing ports and local fish markets. One-
Way Between-Groups (ANOVA) followed by Tukey test (post test) using IBM SPSS 
statistics for window 21 were conducted to determine any significant difference between 
the mean of samples from fishing ports and local fish markets and the mean of samples 
from among three provinces. 
3.4 RESULTS AND DISCUSSION 
The microbial analyses of fish samples from the fishing ports and fish markets are 
presented in Tables 3-3 and 3-4. The mean APC for samples obtained from the fishing 
ports and fish markets were 5.31 log cfu/g, with a range of 4.16 to 6.91 log cfu/g and 5.21 
log cfu/g, with a range from 3.09 to 6.88 log cfu/g, respectively (Table 3-3). According to 
microbiological standards for raw fish accepted by the Ministry of Health in Vietnam 
(Table 3-5), among the 60 samples from the fishing ports and 75 samples from the fish 
markets, 10% and 12% had APC levels in excess of 6 log cfu/g, respectively, as 
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unacceptable samples. This shows that the microbiological levels in fish samples are 
relatively low. However, the means for APC in samples from both fishing ports and fish 
markets nearly reached unacceptable levels (6 log cfu/g). Since bacteria grow at an 
exponential rate within hours under ambient conditions, the level of microorganisms in 
fish samples can easily exceed 6 log cfu/g to reach an unacceptable level. Comparison of 
the mean APC of fish samples from fishing ports and fish markets among the three 
provinces showed no significant differences (p > 0.05), revealing that the level of 
microorganisms in fish samples was not affected by two of places from which fish 
samples were obtained (the fishing ports and fish markets). There were also no significant 
differences between the mean of the APC of fish samples from fishing ports and fish 
markets (p > 0.05) although, in the markets, fish was always washed before displaying 
for selling in order to keep fish looking fresh and clean. This analysis of the APC 
indicates that the cleaning and washing process in the fish market did not affect the APC. 
Generally, total APC is an important indicator of hygiene quality in foods (Ekanem & 
Otti, 1997). Although this study showed that the level of APC was not too high, there is 
still a need to reduce the concentration of microorganisms in fish samples and improve 
the hygiene levels in fishing ports and fish markets. 
The coliform and faecal coliform of fish samples obtained from the fishing ports 
and fish markets are summarised in Table 3-4. The mean coliform counts for fish in the 
fishing ports and fish markets were 167.17 and 124.86 MPN/g, respectively. The mean 
faecal coliform was 84.05 MPN/g in fishing ports and 99.27 MPN/g in fish markets. All 
fish samples in both places were positive for coliform and faecal coliform contamination. 
Currently there are no coliform and faecal coliform standards established for general raw 
fish under Vietnamese law. So we used the standard coliform referring to raw Basa fish 
fillet that was issued by the Ministry of Fisheries in Vietnam (Ministry of Fisheries, 
1998) (Table 3-5). In 60 samples from fishing ports, 26.7 percent of the sample did not 
comply with microbiological standards in Vietnam. Similarly, in the 75 samples from fish 
markets 14.7 percent did not comply for coliform levels.  This indicates that the levels of 
coliform and faecal coliform are high. Faecal contamination is evidenced by the presence 
of fecal coliform and coliforms. Their presence in food possibly indicates the presence of  
potentially pathogenic bacteria of faecal origin, such as Escherichia coli (Frazier & 
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Westhoff, 1983). Total coliform and faecal coliform are used as indicators of the hygienic 
state of food or of the hygienic conditions in the environment where food is handled 
(Andritsos, et al., 2012). Coliforms are also considered indicators for evaluating the 
general hygienic status of food contact surfaces (Jackson, et al., 2007). The results of 
coliform and faecal coliform levels in this study may reveal poor standards of cleaning of 
fish contact surfaces and lack of general hand washing hygiene.  In statistical analysis, 
there were no significant differences (p< 0.05) between mean of coliform and faecal 
coliform levels of samples from fishing ports and fish markets. There is also no 
significant difference between the means of coliform and faecal coliform levels of 
samples among the three provinces.  
Staphylococcus aureus  was isolated in 93.3 percent and 92 percent of fish samples 
with a range of less than 3 to 264.3 MPN/g and less than 3  to 404 MPN/g from fishing 
ports and fish markets, respectively (Table 3-4). The percentage of microbiological 
contamination of the samples from the fishing ports and fish markets was higher than the 
microbiological standard of Vietnam (Table 3-5), at 8.3 percent and 16 percent 
respectively. Although small numbers of this organism in fish may not cause serious 
poisoning of consumers, multiplication of the organism due to inadequate handling of 
food during distributing and processing may result in poisoning of the food (Cited in 
Vishwanath, Lilabati, & Bijen, 1998). Commonly, Staphylococcusis spp. is detected to 
indicate pathogen contamination from humans to food due to poor hygienic conditions 
(Andritsos, et al., 2012).  Studies have suggested that the presence of S. aureus in foods 
may result from improper handling, unhygienic conditions and inadequate temperature 
control (Garcia, et al., 1986; Snyder, 1998). (Van den Broek & Mossel, 1984) also 
reported that S. aureus is not an inhabitant of seawater or fish naturally. The author 
concluded that the presence of high numbers of these bacteria on fish fillets was a result 
of contamination originating from human skin or the human respiratory tract, followed by 
proliferation due to storage at improper temperatures. Therefore, the presence of S. 
aureus in this study may show that fish handlers in the fishing ports and fish markets had 
poor personal hygiene and maintained improper temperature control. In statistical 
analysis, there were no significant differences (p<0.05) between mean of Staphylococcus 
aureus of samples from fishing ports and fish markets. There was also no significant 
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difference between the mean of Staphylococcus aureus levels in samples among the three 
provinces.  
C. perfringens were found in 80 and 70.7 percent of sample and with a mean count 
of 1.67 and 1.72 log cfu/g from the fishing ports and fish markets, respectively (Table 3-
3). According to the microbiological standard of Vietnam (Table 3-5), among the 60 
samples and 75 samples from fishing ports and fish markets analysed, 13.3 percent and 
16.0 percent of the samples were in excess of 2 log cfu/g and so unacceptable. This 
higher percentage of C. perfringens incidence of samples from fish markets may have 
resulted from the improper handling methods and practices of fish distributors from the 
fishing ports to the markets.  
C. perfringen, an important cause of both food poisoning and non-food-borne 
diarrhoeas in humans, was found in a number of fish owing to contamination with 
sewage, which is the main source of this organism (Chattopadhyay, 2000). C. perfringen 
does not grow at chill temperatures and grows only slowly below 20
0
 C (Huss & Gram, 
2003). Therefore, the presence of C. perfringen in this study may result from time and 
temperature abuse during distributing and storing of fish. The comparison of the mean C. 
perfringens count of samples from the fishing ports and the fish markets showed no 
significant differences between them (p>0.05).   
Incidence of contamination with Salmonella was detected in 5 percent of samples 
from the fishing ports but only 12 percent of samples from fish markets (Table 3-3). 
According to the microbiological standard of Vietnam, the presence of Salmonella spp. in 
25 g samples of raw fish is regarded as unacceptable for the microbial status of fish 
samples. The incidence of Salmonella spp. in this study is comparable to that found in 
other studies. Ha and Pham (2006) reported that 6.6 percent of fish samples used at 
canteens in hospitals, factories, and schools were contaminated with Salmonella spp. 
Tran, et al. (2007) also indicated that 18 percent of shellfish samples obtained from 
various markets and supermarkets around Ho Chi Minh city had Salmonella 
contamination.  Salmonella spp. can cause infections even with low counts (1–10 cell/g), 
(Huss, Reilly, & Embarek, 2000; Martinez-Urtaza et al., 2003). Food is considered as 
unfit for human consumption if it contain even a single cell of Salmonella (Ministry of 
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Health, 2007; Cite in Vishwanath, et al., 1998). The main reservoir of Salmonella is the 
gastrointestinal tract of man and animals. Also, environments such as estuaries and 
contaminated coastal areas along with poor personal hygiene, may harbour the pathogen 
(Huss, et al., 2000).  
Comparisons between the samples from the fishing ports and fish markets showed 
that the level of Salmonella spp. in fish samples from the fish markets was higher than 
that from the fishing ports. Explanation for the higher percentage of Salmonella from fish 
markets compared with those collected from fishing ports may be due to accumulate the 
agent from fishing ports to fish  markets. This indicates that there may be improper 
hygiene practices during handling, distributing, and displaying for sale of fish in the 
process of distributing it from the fishing port to the end consumer. 
Overall, of the 60 and 75 finfish samples from the fishing ports and local retail 
markets, approximately 41.7 percent and 38.7 percent of the samples were classified as 
unacceptable based on the microbiological standard of Vietnam (Table 3-6). The 
unacceptable results were due mainly to high levels of coliform. Some of the 
unacceptable samples were due to the high levels of C. perfringen and S. aureus, in them, 
along with the presence of Salmonella. This comparison with the results of previous  
study by Ha and Pham (2006) which showed that 20 percent of fish samples used at 
canteens in hospitals, factories and schools were unacceptable. The study by Ha and 
Pham (2006) found lower percentages of unacceptable samples than did this study.  
Seasonal differences and different methods of fish preservation may account for the 
different results. However, the conclusions that there are high levels of pathogenic 
bacteria contained in fish from local markets are similar.  Nguyen, et al. (2007) provided 
an analysis of microorganisms found in fish sold to consumers at local retail fish markets 
in Vietnam which reported that high levels of microorganisms in fish (10
2
 – 105 
presumptive ThC g
-1
) resulted from  unhygienic fish handling and practices and 
significant recontamination at the local retail markets. The study also suggested that the 
fish-mongers in the local retail markets should be educated about hygienic fish handling 
and cleaning practices, and how they can be improved to reduce the faecal cross-
contamination of the fish they sell (Nguyen, et al., 2007).  
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APC 60  in 
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ports 
     40.0 50.0 10.0 4.16-6.91 5.31  
Cl. perfringen 20.0 5.0 61.7 13.3     ND-2.72 1.67  
Salmonella 95.0          5.0 
APC 75 in 
markets 
    8.0 34.7 45.3 12.0 3.09-6.88 5.21  
Cl. perfringen 29.3 5.3 49.3 16.0     ND-2.81 1.72  
Salmonella spp. 88.0          12.0 
Note: ND: not detected. 
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Coliform 60  in 
fishing 
ports 
 1.7 56.7 35.0 5.0 1.7 5.47 - >1100 167.17  
Fecal coliform  13.3 63.3 21.7 1.7  5.43 - >1100 84.05  
S. aureus 6.7 6.7 78.3 8.3   <3 – 264.3 45.14 6.7 
Coliform 75 in 
markets 
 5.3 74.7 13.3 5.3 1.3 6.40 - >1100 124.86  
Fecal Coliform  10.7 74.7 9.3 4.0 1.3 6.53 - >1100 99.27  
S. aureus 8.0 5.3 70.7 16.0   <3 - 404 65.88 8.0 
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Table 3-5: Key to Classification (Ministry of Fisheries, 1998; Ministry of Health, 2007) 
Microbiological criterion Microbiological quality (g
-1
) 
Borderline-limit of acceptability 
Aerobic Plate Count < 10
6 
Staph. aureus < 10
2 
Cl. perfringen < 10
2 
Salmonella spp (in 25g) Not detected in 25g 
Coliform (for raw Basa fish ) < 2 x10
2 
 
Table 3-6: Non-compliant fish samples at fishing ports and fish markets,  






Fishing Ports 60 25 41.67 
Fish Markets 75 29 38.67 
 
The results of this study showed that the percentage of unacceptable samples for 
microbial status of the finfish samples was quite high. This could be explained by the 
mode of operations of fish handlers and retailers and by the prevailing hygiene conditions 
at the fishing ports and local retail markets. MARD (2008) speculated that the significant 
microbiological contamination of raw seafood in the domestic seafood distribution chains 
is due to improper practices, the poor condition of facilities, and the limited food safety 
knowledge of suppliers. Fish supply chains in the fishing ports and retailers in local retail 
markets are usually self-hosted businesses. These retailers and fish handlers usually have 
not undertaken any food safety training programs, comprehensive food safety programs 
or sanitation programs. There is also no effective food safety management system to 
monitor their practices. Therefore, fish handlers and retailers have poor personal hygiene 
practices and limited food safety knowledge. These factors increase the chance of 
contamination from fish handlers and environments and also encourage the proliferation 
and survival of pathogen agents in fish. 
3.5 CONCLUSION  
It can be concluded that the finfish obtained from the fishing ports and local 
markets show high levels of microbiological contamination and high incidence of 
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pathogenic microorganisms. This fact makes raw finfish in the DSDCs a concern for 
consumers and public health officials. For this reason, efforts should be made so that (1) 
effective food safety programs are implemented in order to prevent contamination and 
improve the microbiological quality of fish in Vietnam; (2) the consumer is informed 
about the hygiene levels of fish shops and the basics of the appropriate storage 
temperatures and, ways of cooking fish and how to prevent cross-contamination. 
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Chapter 4: Assessment of the current status of 
safe seafood compliance with 
government regulations within the 
DSDCs  
4.1 BACKGROUND  
During the last two decades, the domestic seafood distribution chains in Vietnam 
have expanded rapidly in urban and rural areas and have grown to make a strong 
contribution to the economy of the primary production. However, the domestic fisheries 
sector is confronted with enormous challenges in improving its compliance with 
government regulations and seafood safety (Nguyen, 2011a; Ruckes & Nguyen, 2004). 
Any serious non-compliance with food safety regulations of the fisheries business may 
result in growing public health concern.  
The government announced that non-compliance with food safety regulations from 
among fisheries businesses was a critical issue in the current climate pertaining to fish 
hygiene and safety in Vietnam (MARD, 2008). Since trading places, including fishing 
ports, establishments, and retail markets, are important sites in the DSDCs, determination 
of hygiene compliance at these places is critical in order to identify suspected exposure 
routes and to analyse factors contributing to high contamination of fish in domestic 
distribution chains. 
To date, there are few available data in regards to food safety compliance 
assessment for the raw fish business within the DSDCs in Vietnam (MARD, 2008; 
Nguyen, 2005; Nguyen, 2011b; Ruckes & Nguyen, 2004). Rather, the levels of hygiene 
and safe practice compliances cited in the research were based only on available 
anecdotal evidences. The evidences as to, or knowledge of, non-compliant issues has not 
been presented specifically.  
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There was, therefore, a need to conduct a study to evaluate the food safety 
compliance of the fisheries business in order to provide a description of the current 
hygiene conditions and food safety practices of fish distributors in the DSDCs.  
The principal objective of this food safety compliance assessment is to determine 
how fisheries businesses and fish distributors’ fish businesses are conducted in 
accordance with the law and the national technical regulations in order to establish 
current compliance levels and identify the reasons for and the routes of microbiological 
contamination. In particular, infrastructure, hygiene and the hygiene procedures of the 
domestic fisheries businesses and the food safety practices of fish distributors among 
seafood domestic distribution chains are focussed on in this report. Additionally, the 
monitoring of the times/temperatures of raw fish products at points along distribution 
chains has been considered essential in order to ascertain the extent to which raw fish 
products are maintained at an appropriate temperature by fish distributors. To fulfil the 
objectives of this study, the following facilities, procedures and records are assessed in 
detail: 
- building environment and facilities,  
- documents and records related to hygiene procedures, 
- food safety handling practices of fish handlers, and 
- time/temperature of raw fish material along distribution chains. 
The findings and data obtained in this study provide an insight into levels of safe 
food handling compliance with the national seafood safety regulations that have been 
achieved in the DSDCs; the findings and data further highlight a number of issues which 
need to be addressed in the fish ports, fish trading establishments, and the fish markets.  
4.1.1 RESPONSIBLE AUTHORITY FOR CONTROLLING SAFE SEAFOOD DISTRIBUTION 
IN VIETNAM      
Overall framework: Three Ministries, including the Ministry of Agriculture and 
Rural Development, the Ministry of Health, and the Ministry of Science and Technology 
and provincial government share the responsibility for domestic seafood safety in 
Vietnam. The key ministries and provincial government involved in the management of 
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quality and safety of raw seafood are illustrated in Figure 4-1 and their responsibilities 
subsequently outlined. 
 
Figure 4-1: Responsibility of governmental Departments for seafood safety within the 


















                                     Administrative relationship;                           Professional relationship  
NAFIQAD: Forestry-Fisheries Quality Assurance Department 
DAH: Department of Animal Health 
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Forestry-Fisheries Quality Assurance Department (NAFIQAD) and the Department of 
Animal Health (DAH). NAFIQAD is responsible for helping MARD to prepare 
documentation including: laws; ordinances; strategies; long-term master plan; programs 
and projects related to product quality and safety. They also need to: issue the specific 
documents for product quality and safety and relevant professional guidance; supervise 
the implementation of approved legal documents; synthesise and propagate regulations 
on quality and safety; and certificate the quality and safety of agricultural products. 
NAFIQAD has six regional centres located in six key cities or provinces of fisheries 
production. 
The regional centres are responsible for planning and implementing the official 
controls in the fishery product businesses, including fishing vessels’ landing sites, trading 
establishments, and fish markets.  The Animal Health Department’s (DAH) duties are:  
“to compile and submit to the ministry for the promulgation, provision and 
communication of technical regulations on food hygiene and safety in aquatic 
product trading and preservation at fish markets and guide their implementation 
nationwide; to manage the prime responsibility for disseminating and training in 
the application of food hygiene and safety assurance methods for producers and 
traders at markets; to examine and inspect aquatic food hygiene and safety at 
markets in combination with aquatic quarantine under national technical 
regulations”((MARD, 2009a), Article 20).  
The DAH has seven regional institutions which have responsibilities at regional 
level.   
Responsibilities of Ministry of Health  
The  Ministry  of  Health  (MOH) is  the  national  coordinator  for  seafood  safety  
and  is responsible  for  monitoring the safety of seafood for domestic consumption, and 
inspecting the health conditions of fishery handlers, fisheries retailers, wholesalers and 
restaurants. The ministry manages and inspects the production and importation of seafood 
chemicals for preservation and cleaning, sanitising or disinfection agents for use in the 
seafood industry. This ministry also develops and publishes national quality standards of 
  
Chapter 4: Assessment of the current status of safe seafood compliance with government regulations within the DSDCs
 69 
fisheries’ raw materials for human consumption such as limitation of bacterial and 
chemicals in raw fish or dried fish (Vietnamese Government, 2012).  
Responsibilities of Ministry of Science and Technology 
The  Ministry  of  Science  and  Technology (MOST)  acts as the centre for the 
development  of safety standards or safety management programs and laboratory  
accreditation. There are two institutions under MOST, closely related to seafood quality 
and safety, including: Directorate for Standard and Quality (STAMEQ) and Quacert, 
subsidiary of STAMEQ. These institutions are responsible for the standardization, 
metrology, and quality of products and goods. The government  authorises them to  
accredit  testing  and  calibration  of  public  and  private  laboratories, according  to  the  
requirements  of  ISO  standards  and  guidelines,  and  to  provide  certification  of 
validation and inspection (Vietnamese Government, 2013). 
Responsibilities of Provincial government  
All ministries are represented  at  the  province,  district,  and  ward  levels,  but  
under  the provincial  administrative  structure,  they  are  managed  by  the People’s 
Council, which is installed and controlled  by the People’s Committee. The national 
agencies have mainly a normative function and are concerned with national activities, but 
most field level activities are carried out by or supported by the provincial governments 
and their subordinate entities.  Provincial levels involve frontline management and play 
an important role in implementing and supporting seafood quality and safety management 
and response initiatives. They are responsible for managing the provincial program for 
the post-harvest inspection of aquatic food hygiene and safety. The program implements 
inspection regimes, conducts regular sampling inspections, tests and provides 
notifications of test results, assesses food safety certificates, and handles violations. 
Provincial governments also have the role of receiving reports from consumers and 
providing market warnings on levels of aquatic food hygiene and safety (Vietnamese 
Government, 2011). A recent trend in food safety management is to increase the 
delegation of implementation responsibility  from  the  central  level  to  the  provincial  
level,  but  the  further  delegation  to sub-provincial levels has still to take place 
(Ministry of Agriculture and Rural Development, 2006). 
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Responsibilities of associations 
Besides governmental institutions, various forms of  producer  associations,  such  
as  the  Fisheries Association  of Vietnam  (VINAFIS)  and the Vietnam Association  of  
Seafood  Exporters  and  Producers  (VASEP) have potential influence, but they are still 
in the early stages of development and have yet to become effective partners to the 
government in terms of policy and standards setting (Ministry of Agriculture and Rural 
Development, 2006). 
Based on the above illustration of responsibilities of each agent and ministry for 
seafood safety in Vietnam, it can be seen that the government administrative management 
for seafood safety is complicated and multi-layered. The report in 2009 about food safety 
issued by MOH pointed out that the organisation of government administrative duties 
was still complicated and the responsibilities of each agent sometimes crossed (Ministry 
of Health, 2009). In the project about quality and safety improvement in agricultural 
products in Vietnam, Goletti and Nguyen (2008) claimed that the responsibilities of 
various department in MARD for food safety are not clear. The complicated government 
administrative arrangements may lead to ineffective management of food safety in 
Vietnam. Several reports and studies in Vietnam concluded that coordination between 
ministries was not frequent or smooth, and that leadership in the monitoring of food 
safety in MARD was ineffective (Goletti & Nguyen, 2008; Ministry of Health, 2009; Vo, 
2006).   
Given the overview of the roles of government authorities in controlling safe 
seafood distribution in Vietnam, it can be concluded that the existing government 
administrative management for seafood safety levels should to be reconsidered. The 
responsibilities of each ministry or agents should be clear to better manage seafood safety 
in Vietnam.  
4.1.2  KEY LEGISLATION OF SEAFOOD SAFETY IN VIETNAM 
The Law on Food Safety, developed by the XII
th
  National Assembly,  provides 
rights and obligations of organizations and individuals in assuring food safety in terms of 
conditions for food production, trading, import and export; food advertising and labelling; 
food testing; food safety risk analysis: prevention, stopping and remedying of food safety 
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incidents; food safety information, education and communication; and responsibilities for 
state management of food safety in Vietnam (Vietnamese National Assembly, 2010). The 
existing food safety legislative regime is shown below in Figure 4-2. 
 









Regarding food safety assurance conditions for trading in fresh and raw seafood in 
fish markets, Section 2, Article 24 of the Law states that traders of raw food must take 
responsibility for meeting safety assurance conditions for food-packaging tools, food 
packages, containers, food preservation, transportation, and that they must ensure and 
maintain hygiene in business places. Article 24 also states that the Minister of Agriculture 
and Rural Development shall provide specific food safety assurance conditions for traders 
of fish, and fresh and raw food (Vietnamese National Assembly, 2010).  
In 2009 Technical regulations at the national level (QCVN) were developed and 
issued by the Ministry of Agricultural and Rural Development.  
According to Circular No. 56/2009/TT-BNNPTNT (MARD, 2009a) issued by the 
Ministry of Agriculture and Rural Development, food safety management of raw fish or 
fish products in the DSDCs falls under three technical regulations as listed below. 
 QCVN 02-12:2009/BNNPTNT “Fishing Port – food hygiene and safety 
assurance conditions” (MARD, 2009e).  
Law on Food Safety (No. 55/2010/QH/12) dated 
17 June 2010.  
Government Decree guiding the implementation of 
Law on Food Safety 
Circulars guiding the detailed implementation of Law 
on Food Safety 
National Technical Regulations (QCVNs) 
National Quality Standards 
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 QCVN 02-10: 2009/BNNPTNT “Aquatic product purchases –Food hygiene 
and safety assurance condition” (MARD, 2009c).  
 QCVN 02-11:2009/BNNPTNT “Fish market – Food hygiene and safety 
assurance conditions” (MARD, 2009d).  
The requirements for infrastructure, facilities and hygiene procedures for fish 
products and fish handlers are stated in detail in each section of each regulation; which 
are presented in Appendix 4-1, 4-2, and 4-3 in the checklist of direct observations. The 
regulations have a strong focus on the physical environment, documentation and level of 
microorganism in fish in an effort to protect food safety for consumers and to enhance the 
quality of Vietnamese seafood. However, there is less emphasis placed on food handler 
behaviour. 
In addition to the Technical regulations (QCVN) for the trading of raw fish, there 
are quality standards (46/2007/QĐ-BYT) developed and issued by the Ministry of Health. 
These quality standards provide limits of microorganisms and chemicals to be contained 
in the raw and fresh seafood for human consumption (Ministry of Health, 2007). 
4.2 REVIEW OF EVALUATION TOOLS IN FOOD SAFETY USED TO 
ESTABLISH SAFETY LEVELS IN FOOD 
A variety of evaluation tools for establishing food safety levels have been used for 
the assessment of food safety behaviours and the hygiene conditions of the industry 
infrastructure. The use of observation techniques is one of the most efficient methods for 
evaluating food safety practices of people handling food and the real hygiene conditions 
of food premises. 
Regarding observation of food safety behaviours, in a study comparing the research 
methods used in consumer food safety studies, Redmond & Griffith (2003) concluded 
that data obtained from observation provided the most reliable information denoting 
actual food safety behaviours, although it can be expensive and time consuming 
(Redmond & Griffith, 2003). Filion et al (2011) believed that direct observation is an 
excellent method for monitoring hand hygiene behaviour. Other researchers also agreed 
that direct observation provides behaviour data directly and more accurately than the 
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questionnaire method (Coleman, Griffith, & Botterill, 2000; Sven & Ary, 1989). Previous 
studies have concluded that respondents to questionnaires tend to overestimate the 
frequency of food safety practices (Manning & Snider, 1993; Nieto-Montenegro, 2006; 
Oteri & Ekanem, 1989). The advantages of observation techniques is that they can 
evaluate complex behavioural situations (cited in Redmond & Griffith, 2003) and they 
are flexible and more trustworthy than an intermediary means such as a questionnaire 
(Rossett, 1987; Sven & Ary, 1989).  
On the other hand, the observation method has some potential for biases. The first 
observation bias is the subjective judgment of observers and is the greatest threat to 
reliability. However, this type of bias can be minimal if one has detailed descriptions in 
the checklist and training in observation techniques (Redmond & Griffith, 2003). 
Furthermore, the test for reliability of checklists can confirm the consistency and 
stability. The aspect of reliability can represent the idea that similar scores, ratings or 
judgments will be shown when the same person is observed on a number of occasions 
(Stodolsky, 1990). Another bias that should be considered is the “Hawthorne Effect”; this 
bias, as explained by Redmond and Griffith (2003), causes distorted results from 
participants who, being observed, may try improving hygiene practice to convey a more 
positive image of themselves. However, this bias can be reduced by observers’ 
characteristics such as curiosity, patience, tact, and willingness to blend (Lubran et al., 
2010; Rossett, 1987).  
In addition to observations of food safety behaviours, observation of hygiene 
conditions of infrastructure using checklists is popular and effective. Observational 
checklists can be explained, as direct, structured observation involves systematic and 
quantitative observation methods, and observational checklists use a predetermined, 
standardized and validated “coding schedule’ or “observational checklist”  to obtain data 
(Redmond & Griffith, 2003). Saunders et al (2000) showed that observation checklist 
methods that use predetermined checklists could yield highly reliable results by virtue of 
their replicability. Many studies have attempted to assess sanitary and hygiene practices 
by responding to a checklist (Campos et al., 2009; Dias et al., 2012; Perez-Rodriguez et 
al., 2010; Rodriguez et al., 2011; Veiros, Proenca, Santos, Kent-Smith, & Rocha, 2009).  
These checklist observations evaluated the hygienic conditions of infrastructure based on 
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government regulations to determine whether the observed places conformed to 
regulations or not (Dias, et al., 2012; Veiros, et al., 2009). Veiros et al (2009) suggested 
that the checklist may help in controlling the quality of food production in catering 
establishments and in improving the hygiene and sanitary quality of meals served. Clay & 
Griffith (2004) also agreed that observation checklists were good in recording compliance 
or non-compliance with codes of food hygiene guidelines.  
Other researchers use observation checklists to evaluate the food safety practice of 
food handlers (Campos, et al., 2009; Perez-Rodriguez, et al., 2010; Rodriguez, et al., 
2011). However, the observation checklist cannot observe the nature of food hygiene 
actions or track potential cross-contamination. the actions of food handlers are observed 
based on listed actions in the checklist and the checklists cannot “track” each action, 
Therefore, another technique which has been developed for observing food safety 
behaviour in the area of food hygiene actions of food handlers and backwards and 
forwards tracking routes of contamination. 
Notational analysis is a generic tool that monitors, records, and studies actions and 
events objectively and systematically (Clayton & Griffith, 2004; Redmond & Griffith, 
2003). This method has been frequently and successfully used to observe and analyse  
actions in sport science (Hughes & Franks, 1997). Clay et al. (2004) concluded that 
notational analysis is more useful than a traditional checklist for observing and analysing 
actions that lead to contamination or cross-contamination. This approach is appropriate 
for identifying specific problems and for targeting food workers’ training accordingly. 
Lubran (2010) used notational analysis at retail deli departments to determine the hygiene 
practice of food handlers in compliance with the U. S. Food and Drug Administration’s 
2005 Food Codes. Observation studies have provided detailed data denoting food 
handling malpractice and also enabled identification of levels of compliance (Lubran, et 
al., 2010). In addition, the author suggested that the use of notational analysis could 
minimise the bias of the subjective judgment of the observers because notational analysis 
notates every action. 
In conclusion, checklist and notational analysis methods can be useful evaluation 
tools if each method is used in a suitable situation so as to minimise bias. In this study, 
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assessing the food premises and hygiene practices of food handlers in compliance with 
regulations, using both checklist and notational analysis methods, provides effective data 
to evaluate compliance levels and give a detailed picture of compliance status within 
DSDCs. 
4.3  METHODOLOGY 
The compliance assessment for this study was carried out in Khanh Hoa province, 
Ba Ria – Vung Tau province, and Ben Tre province. Based on the research results of the 
study (in Chapter 2), the compliance assessments were carried out in three types of 
trading places: fishing ports, trading establishments, and fish markets. The process of 
compliance assessments of the DSDCs are presented in Figure 4-3. 
















Visit trading places 
Compliance assessment of 
infrastructure conditions of trading 
places (using checklist method) 
Compliance assessment of 
documents related to hygiene 
procedure (using checklist method) 
 
Compliance assessment of hygiene 
practices of fish distributors   (using 
notational analysis observation 
method) 
Time and temperature measurement of 
fish batches (recording temperature 
and length of time of fish batches kept 
at each stage along the chain) 
Data analysis 
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The compliance assessments of the DSDCs were divided into four parts:  
(1) the checklist method was used to assess the compliance levels of infrastructure 
conditions of trading places;  
(2) the checklist method was used to assess the compliance levels of documents and 
records, related to hygiene procedures and maintenance of trading places, kept by fishing 
ports, fish trading establishments, and fish markets;  
(3) Notational analysis was used in observation of the activities of fish handlers for 
the compliance assessment of handling practices among fish distributors;  
(4) Probe digital thermometers were used to measure temperatures of fish samples 
in fish batches. The length of time kept of fish batches at each stage within the 
distribution chains was also recorded.    
Before conducting assessment, the researcher discussed the project objectives with the 
managers of fishing ports, owners of establishments, and managers of fish markets as part 
of the informed consent process. The researcher provided managers and owners with oral 
information that the information collected would only be used in the aggregate and that 
none of their names or businesses would be reported in any study or report.  
4.3.1 CHECKLIST METHOD FOR ASSESSMENTS OF INFRASTRUCTURE CONDITIONS 
AND DOCUMENTS RELATED TO HYGIENE PROCEDURES 
The study was carried out in five stages:  (1) Place analysis (2) development of 
checklist (3) pilot study (4) main survey and (5) data analysis. The details of the method 
used at each stage are presented as follows: 
4.2.1.1. Place analysis  
The visits to fishing ports, establishments, and fish retail markets verified the 
premises from a physical and environmental perspective. The data obtained in the visits 
were important for the construction of the checklist, so that the checklists were developed 
for each kind of place and all the items specified in the legislation could be included.  
4.2.1.2. Development of assessment checklist 
This stage began with the identification and gathering of information about 
Vietnamese legislation associated with sanitary matters and hygiene in fishing ports, 
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fishery establishments, and fish markets. The structure of the checklists was based on the 
checklist 1a-2 for fishing ports, 1a-4 for trading establishments, and 1a-3 for fish markets  
(MARD, 2011) developed, tested and approved by the ministry of Agriculture and Rural 
Developments in Vietnam, to be used by the Sanitary Inspection for fish trading 
establishments, the official government agency in Vietnam. The checklists from the 
Vietnamese government mainly focused on classification of trading places and 
administrative procedures. The purpose of this study is instead to evaluate levels of 
compliance related to microbiological contamination for the fish. Therefore, the 
development of a refined checklist for this study was begun.  From the Vietnamese 
government checklists, the sub-structure, sub-items, and classification were added and 
combined with regulations of fishing ports, establishments, and fish markets to form the 
checklist for the study with the purpose of assessment compliance status. 
The first piece of legislation involved in the food hygiene and safety measures for 
domestic distribution chains is Circular No. 56/2009/TT-BNNPTNT. According to this 
circular, the assessment checklist for fishing ports was structured based on sections of the 
National technical regulation – QCVN 02-12:2009/BNNPTNT “Fishing Port – food 
hygiene and safety assurance conditions”. The assessment checklist for fisheries 
establishments was developed based on the national technical regulation-QCVN 02-10: 
2009/BNNPTNT “Aquatic product purchases – Food hygiene and safety assurance 
conditions”. The checklist for fish markets was constructed based on the national 
technical regulation QCVN 02-11:2009/BNNPTNT “Fish market – Food hygiene and 
safety assurance conditions”. After verifying that the items related to infrastructure and 
hygiene procedures as required by regulations, a list to be included in the checklist was 
created.  
Before implementing the pilot test, the checklists were discussed with five food 
safety experts and professionals, including senior lecturers and researchers in the food 
safety of the Aquatic Product Department - Nha Trang University (formerly in the 
Fisheries University) in Vietnam and authorities in the Centre of Agriculture and 
Fisheries Promotion in Khanh Hoa province, Vietnam. Each expert member had 
experience and expertise in one or more of the following areas: Seafood safety 
consultancy, seafood safety inspection, seafood safety expertise. The experts and 
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professionals were asked to discuss the checklists for possible changes of content or 
clarity of directions or appropriateness of language. Based on their critiques, the 
checklists were revised and finalised and were tested at one fishing port, one 
establishment, and one fish market in Nha Trang city, Khanh Hoa province. The final 
revised checklists were used for the pilot study and statistical reliability test. 
The checklist was originally developed in Vietnamese and then translated into 
English. Firstly, the checklist was translated into English by the principal researcher and 
then, it was also translated into English independently by another bilingual Vietnamese 
person with post-graduate qualifications in science. An independent English native-
speaking expert based in Australia reviewed both English versions to confirm their 
equivalence. Slight revisions of the English version were made based on the comments 
from reviewers. 
4.2.1.3. Pilot study  
The proposed checklists were field tested in the two fishing ports, two fisheries 
establishments, and two fish markets in Khanh Hoa provinces and Ba Ria Vung Tau 
provinces. The pilot study was used to evaluate the tools and verify the degree of ease in 
using the checklist, the appropriateness of terms and structure, as well as to facilitate the 
analysis of results. After the pilot study, the principal researcher discussed results with 
panels of food safety experts and revised some terms, sub items, and regrouped some sub 
items. The revised versions were still based on the national technical regulations and the 
balance of sub-items with realistic conditions of premises. The results after changes were 
made on the checklist and were as follows: 
Checklist structure  
The checklists were structured in two blocks: (1) Assessment of infrastructures 
conditions; (2) Assessment of documents and records related to safety and hygiene 
procedures.  
The first block (Assessments of infrastructures conditions) includes two modules: 
(1) Buildings; and (2) Facilities. Each module comprises a number of items and each item 
includes a number of sub items. The first module, for assessments of buildings, has five 
items, including: location items; lay-out items; floor, wall, and roof items; drain items; 
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and lighting items. The second module for assessment of facilities has four items, 
including: water and ice items; tools and equipments items; hygiene items, and waste and 
waste water items.  
The second block (Assessment of documents related to hygiene procedures) 
includes the numbers of items and each item encompasses a number of sub items. 
The checklists for fishing ports (see Appendix 4-1), trading establishments (see 
Appendix 4-2), and fish markets (see Appendix 4-3) are described in Table 4-1. 
Scoring system 
The compliance level of buildings, structures, and facilities was determined in the 
first block by visually inspecting them against government regulations. The compliance 
level of documents related to hygiene procedure in the second block was determined by 
reviewing records and documents. Each block contains the numbers of items and sub-
items considered necessary to investigate the theme in detail. Based on the checklist 1a-2 
for fishing ports, 1a-4 for trading establishments, and 1a-3 for fish markets (MARD, 
2011), all checklist sub-items and their corresponding are shown as A, B, or C column 
that are defined as 3, 2, 1 score, respectively. A = Compliant, good or only minor 
deficiencies (no safety risk); B = Non-compliant (major or serious deficiencies, which 
could lead to a safety risk if not controlled). Any condition or situation rated as a B 
requires a plan or program for rapid improvement. Repetitive or cumulative B-ratings can 
lead to a critical situation; C = Serious non-compliant. A serious non-compliance is a 
situation that poses an immediate risk of unsafe food being trading or if allowed to 
continue, will result in unsafe food being trading. 
Scores were therefore discrete and scalar variables, which mean that no decimals 
were utilised to attribute scores.  The average scores of modules and items for each 
fishing ports, fish trading establishments, and fish markets were calculated.  High average 
scores mean high compliance levels. In the study, average score of items or modules was 
3 as the maximum score and average score of items or modules was 1 as the minimal 
score. 
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Table 4-1: Number of sub-items in the three types of checklist 
Modules and items Number of sub-items in the checklist for 
Fishing ports Establishments Fish 
markets 
ASSESSMENTS OF INFRASTRUCTURES CONDITIONS 
Building   
Location 2 2 3 
Layout 8 2 3 
Floor, wall, and roof 3 2 4 
Drain 2 2 2 
Lighting 1 1 1 
Facilities  
Water and ice 6 2 3 
Tool and equipment 6 4 5 
Hygiene 3 4 5 
Solid waste and waste water 3 2 2 
Total 34 21 28 
ASSESSMENT OF DOCUMENTS RELATED TO HYGIENE PROCEDURES 
Safety of water and ice 2 2 2 
Cleaning and disinfection 3 3 3 
Personal hygiene and health 4 4 4 
Prevention of contamination 3 3 3 
Maintenance of facilities for personal 
hygiene 
3 3 3 
Waste management 3 3 3 
Recall and traceability 3 3 3 
Training 3 3 3 
Transport and storage 3 3 3 
Pest control - 3 - 
Total 27 30 27 
 
Reliability test  
The purpose of the reliability test is to ensure that other researchers can use the 
checklist in the future. The reliability test can confirm the consistency and replicability of 
the checklists. The final versions of the checklists were used in statistical reliability tests 
which were conducted to identify the level of inter-observational agreement between 
observers using the same checklists and same places in Khanh Hoa province.  The sample 
for testing the reliability of the checklists encompassed three “observers” participants, 
including, the researcher, a undergraduate students undertaking of food safety majors at 
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Nha Trang University, Khanh Hoa province, and a seafood safety expert who is 
responsible for supervisory of seafood safety in Nha Trang city, Khanh Hoa province. In 
this study, to identify criterion-related agreements, the scores of two observers were 
compared with the scores of the researcher. The level of agreement that using Cohen’s 
kappa for measuring inter-observer agreement (Howitt & Cramer, 2003) between the 
researcher and observer No 1, were 0.87; 0.83; 0.82 for the checklists for the fishing 
ports, establishments, and fish markets, respectively. The levels of agreement that used 
Cohen’s kappa for measuring inter-observer agreement between the researcher and 
observer No 2, were 0.81; 0.87; 0.89 for checklists of the fishing port, establishments, 
and fish markets, respectively. The levels of agreements reached in this study were 
satisfactory, according to the Cloud-Silva and Denton (1989) and Barron (2004) studies, 
which claim that at the level of agreement of 0.8 or higher is acceptable and consistent.  
4.2.1.4. Implementation of compliance assessment  
The checklists were applied in compliance assessment from March to May, 2013 in 
6 fishing posts, 32 fish trading establishments, 9 fish markets in three target provinces 
(Khanh Hoa, Ba Ria Vung Tau, Ben Tre). One wholesale market and 2 retail markets in 
Ho Chi Minh City were also observed because the wholesale market and retail markets 
belong to distribution chains that begin at fishing ports in Ba Ria Vung Tau and Ben Tre 
province. 
The assessment of infrastructure conditions (first block of the checklists) was 
conducted through visually checking against government regulations for each sub-item of 
the checklists and then the score of each sub-item was marked in the score column in the 
checklist. Any further observations regarding the reasons for low scores or inadequate 
conditions of each sub-item in the checklists were also written in the note columns of the 
checklist at this step. These written notes were used for explanation and discussion in the 
results and discussion sections of this study. 
The second block of the checklist (Assessment of documents related to safety and 
hygiene procedures) was conducted through the following steps: 
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Step 1: Managers or owners of the fishing ports, establishment, and fish markets 
who were responsible for food safety and hygiene in their places were asked to provide 
the documents and records that were kept for safety and hygiene procedures purposes. 
Step 2: If managers or owners could provide the documents and records relating to 
the safety and hygiene procedures of the trading places, the researchers determined the 
score for the documents and records by visually checking them against government 
regulations. Any further observations regarding the reasons for low scores or inadequate 
conditions of each sub-item in the checklists were also written in the note columns of the 
checklist at this step. These written notes were used for explanations and discussion in the 
results and discussion section of this study. If the owners or management allowed 
copying of the documents or records, the research could take photos of documents and 
records for future analysis and confirmation, or for revision of the data.        
4.2.1.5. Data analysis 
The hand written records in the checklist were typed up in the evening of the same 
day or on the day after the observation and the results were collated.    
Descriptive statistics for checklist scores were applied with Microsoft Excel 
(Microsoft Excel 2007).   Chi-square coefficients were calculated in order to study the 
significant differences among 6 fishing ports, 32 establishments, and 12 fish markets. The 
significant differences are calculated and based on average scores of each item. The items 
were analysed, including location item; layout items; floor, wall, and roof items; drain 
items; lighting items; water and ice items; tools and equipment items; hygiene items, and 
waste and waste water items. Statistical analysis was performed by means of SPSS 21.0 
software (SPSS inc. Chicago, Illinois, USA). 
4.3.2  NOTATIONAL ANALYSIS METHOD FOR ASSESSING HANDLING PRACTICES OF 
FISH HANDLERS  
The workers’ practices and hygiene during work were observed. Results from the 
observations at the fishing ports and establishments were analysed separately from those 
at the fishing markets because the workers’ activities in fishing ports and establishments 
are similar but different from those in retail markets. Observations were intended to 
report on the gloved hands or bare-hands of workers during the handling of fish, hands 
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contaminated during contact with fish, hand washing after contamination, the frequency 
of contamination of fish work surfaces , tools, and utensils, and the frequency of the 
cleaning and sanitizing of work surfaces and tools. The method used for observation of 
hand contaminations, tool and work surfaces contamination and for frequency of hand 
washing, cleaning and sanitizing, was Notational Analysis, as these workers were 
handling and preparing raw fish for sale. Notational analysis is a continuous monitoring 
observation in which a worker’s actions can be recorded quickly and in the sequence that 
they occur. The notational analysis technique was initially implemented to record the 
behaviour of food employees by Clayton and Griffith (2004), who adapted the technique 
from the field of sports science. This method focuses on actions related to contamination.  
Each action of a worker can be recorded on the Notational Analysis form. The form 
is designed to record the behaviour of one worker at a time. Before using the tool, the 
researcher needs to develop a list of code or short-hand notations for objects, equipment, 
actions and other things they expect to encounter within the observation environment. 
Once a code key has been developed, it is recommended that these codes and the form be 
pilot-tested to ensure they are exhaustive. (see Appendix 4-4 for detail).   
Pilot observations were performed at a fish market in Khanh Hoa province, 
Vietnam. These pilot observations allowed the researcher to identify potential problems 
and to conduct further training of observers. Statistical reliability tests were conducted. 
Cohen’s kappa (Howitt & Cramer, 2003) was used to determine the level of inter-
observational agreement between two observers using the same coding system. The 
results for the hand contaminations and contaminations of tools or work surface were 
0.80 and 0.83, respectively. These results show that levels of agreement between the two 
observers were satisfactory, according to the Cloud-Silva and Denton (1989) and Barron 
(2004) studies, which claim that a level of agreement of 0.8 or higher is acceptable and 
consistent.  
In addition to the researcher, four undergraduate students (Year 5) of a food safety 
major at Nha Trang University assisted with this section of the project. All were 
personally selected by the researcher based on their high grade point average, industry 
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experience, and professionalism. The students participated in training sessions about the 
definition of all terms used and types of contaminations throughout the research project. 
The frequency of work activities such as hand contamination, tool contamination, 
hand washing, cleaning and sanitising of tools and work surfaces, was determined. Fish 
handlers’ efforts to wash their hands and clean and sanitise tools and utensils in 
compliance with QCVN 02-01: 2009/BNNPTNT of Vietnam’s recommendations was 
calculated by determining the proportion of hand washing, cleaning, and sanitising 
actions that concurred relative to the number of times those actions were contaminated.  
The observation was carried out from March to May, 2013. Fish handlers who were 
chosen for observation were randomly selected on each day of data collection. On the 
each day of data collection, before starting the observation, the researchers counted and 
assigned the number of fish handlers at their working places and used a laptop to select 
randomly the fish handlers. In total, 135 fish handlers were chosen randomly and 
observed across 6 fishing ports, 10 establishments, and 8 fish markets; 60 handlers were 
working in fishing ports and establishments; 75 handlers were working in fish markets for 
retail. More handlers were observed in fish markets because more fish markets were 
visited and more fish handlers were working in the fish markets. Only seafood workers 
engaged in fish handling were considered for the study. The observational data collected 
during the first 10 to 15 minutes recorded ‘glove hand used’ or ‘bare hand’. During the 
remainder of the observation, the data collector recorded all of the actions the fish 
handlers performed until at least 230 actions had been recorded.  Each handler in fishing 
ports or establishments and fish markets, was observed for an average of 59.34 minutes 
and 69.47 minutes respectively, in order to capture 230 actions.   
To avoid the “Hawthorne Effect”, the researchers were indistinguishable from fish 
traders in the busy fishing ports, fish trading establishments, and fish markets for the 
following reasons: the fishing ports, fish trading establishments, and fish markets were 
open places and very busy; the researchers blended with the surroundings by wearing 
casual clothing and carrying a notebooks and pens similar to those of the fish traders; the 
workers were unaware that they could be observed and therefore were unaware that their 
food hygiene habits were the subject of observation. In addition, possible bias due to 
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observer variation in perceptions was minimized by using Notational analysis forms, in 
which every action was notated.  
4.3.3  TIME AND TEMPERATURE MEASUREMENTS 
Duration of fish batches (time) was recorded at intervals throughout and along the 
process of domestic distribution chains. Temperatures of fish samples in each fish batch 
were measured along each chain with a stem digital thermometer (IP67. Testo, Australia). 
The distribution chains in Chapter 2 (Figure 2-2) presents the four places within domestic 
distribution chains among fishing ports, establishments, wholesale markets, and retail 
markets, where time-temperature measurement were taken. Time-temperature (t/T) of 
fish was measured after finalization of each stage (fishing ports, establishments, 
wholesale markets, and transportations). In the retail markets, the temperatures of fish 
were measured twice – at times one hour and five hours after fish reception by retailers.  
Four main distribution chains of the DSDCs are presented in Figure 4-4. 
Distribution chain 1 from fishing ports to retail markets; the distribution chain 2 from 
fishing ports to fish wholesale markets and to fish retail markets; distribution chain 3 
from fishing ports to fisheries establishments and to retail markets; distribution chain 4 
from fishing ports to fisheries establishments to fish wholesale market and to fish retail 
markets. Each distribution chain was recorded in terms of time taken for completion of 
each stage within the chain, and for temperature at each stage.  
The fish batches that were discussed in the Chapter 2 were also used to capture data 
relating to time and temperature measurements for this section of study. Fifteen batches 
of fish in each distribution chain were observed for time and temperature. Therefore, a 
total of 60 batches of fish were measured for temperatures and the durations of their 
travel, storage, and display at each stage along the chains were recorded. 3,600 samples 
in 60 fish batches were measured for temperature (see Tables 4-2 and 4-3). The 
temperature measurement was taken as the internal temperature of each fish. It took about 
2 minutes for each fish sample to be measured for temperature. A random sampling 
strategy was applied for choosing fish samples for the measuring of the internal 
temperatures of fish. 
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Figure 4-4: Four distribution chains in domestic seafood distribution 
 
For each distribution chain, the numbers of fish samples measured for their internal 
temperatures at each place are presented in Table 4-2. 
Table 4-2: Number of fish batches and fish samples measured temperature and places of 
measurement 
Chains Total of 
fish 
batches 















15 150 - - 300 450 
Distribution 
Chain 2 
15 150 - 150 300 600 
Distribution 
Chain 3 
15 150 150 - 300 600 
Distribution 
Chain 4 
15 150 150 150 300 750 
Total  60 
batches 
600 300 300 1,200 2,400 
samples 
 
 A total of 2,400 samples were measured at all trading places: six hundred samples 
were measured in 60 fish batches in 6 fishing ports; three hundred samples were 
measured in 30 fish batches in 10 establishments; three hundred samples were measured 
in 30 fish batches in a wholesale market; one thousand two hundred samples were 
measured in 60 fish batches in 11 fish retail markets. For each stage of transportation, the 
numbers of fish samples that were measured for their internal temperatures during 
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Table 4-3: Number of fish batches and fish samples measured for temperature during 
transportation along each distribution chain 
Chains Total of 
fish 
batches 
Number of samples measured for 
temperature at each stage of transportation 




Distribution Chain 1 15 From fish ports to retail markets: 150  150 
Distribution Chain 2 15 From fishing port to wholesale markets: 150  
From wholesale markets to retail markets: 150 
300 
Distribution Chain 3 15 From fishing ports to establishments: 150 
From establishments to retail markets: 150 
300 
Distribution Chain 4 15 From fishing ports to establishments: 150 
From establishments to wholesale markets: 150 
From wholesale markets to retail markets: 150 
450 





A total of 1,200 samples were measured in 60 fish batches at all stages of 
transportations; one hundred fifty samples were measured in 15 fish batches in 
distribution chain 1; three hundred samples were measured in 15 fish batches in 
distribution chain 2; three hundred samples were measured in 15 fish batches in 
distribution chain 3; four hundred fifty samples were measured in 15 fish batches in 
distribution chain 4. In transportation stages, temperatures of fish were measured at the 
completion of each stage of transportation. A time and temperature observation sheet (see 
Appendix 4-5) was used to assist in recording travelling, storage, sale time and 
temperature measurement. 
4.4 RESULTS AND DISCUSSION  
4.4.1  ASSESSMENT OF INFRASTRUCTURE  
The average scores of 6 fishing ports, 32 establishments, and 12 fish markets are 
presented in Table 4-4. It can be seen from the Tables, the average scores of building 
module were higher than the average scores for the facility modules in the three types of 
places.  There was no average score higher than 2.5. It means that there was no average 
score classified as a compliant score. Moreover, the facility modules of the fishing ports 
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and fish markets particularly, had average scores of 1.31 and 1.43, respectively, 
indicating that half of the sub-items were at seriously non-compliant levels.  
An important finding in the checklist results for the building module and facilities 
module, was that not one of the average scores for them at 6 fishing ports, 32 
establishments and 12 fish markets within the distribution chains, that was evaluated as 
compliant with Vietnamese regulations (Table 4-4).  
Table 4-4: Average scores evaluated using checklists at fishing ports, establishments, and 
fish markets 
Places Building Facilities 
Fishing ports  (n = 6) 1.85 ± 0.54
a 
1.31 ± 0.38 
Establishments (n  = 32) 2.02 ± 0.15  1.79 ± 0.16 
Fish markets (n = 12) 2.07 ± 0.25 1.43 ± 0.42 
  a Average ± SD 
The detailed results for the sub-items of the building and facility modules evaluated 
in terms of compliance, non-compliance, and serious non-compliance by checklists at 6 
fishing ports, 32 establishments, and 12 fish markets, are presented as percentages in 
Tables 4-5, 4-6, and 4-7, respectively.  
Fishing ports  
It can be seen from Table 4-5 that the percentages of non-compliant sub-items and 
seriously non-compliant sub-items accounted for major percentages of items at all fishing 
ports. Regarding the percentages at total fishing ports, the percentage of non-compliant 
sub-items in the building modules was evaluated as the highest (51%) of the percentages 
– with the percentages of compliant sub-items being only 20.3% and that of the seriously 
non-compliant sub-items being 28.7%. In the facility module, the percentage of seriously 
non-compliant sub-items was quite high at 68.8% and there was notably no percentage of 
compliant sub-items in this module. Among the six fishing ports that were evaluated, 
fishing port B showed as having the best hygiene conditions with 38.9% of sub-items 
classified as compliant in the building module. This percentage was the highest 
percentage of compliant sub-items among the six fishing ports. Moreover, fishing port B 
had 62.5% of seriously non-compliant sub-items, the lowest percentage of serious non-
compliance compared with that of the facilities modules of other fishing ports. Fishing 
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port A was classified as having the worst hygiene conditions, with only 5.6% compliant 
sub-items in the building module but 75% seriously non-compliant sub-items in the 
facility module. 
 
Table 4-5: The percentage of compliant sub-items evaluated using  a checklist in fishing 
ports 




CP (%) NCP (%) SNCP (%) CP (%) NCP (%) SNCP (%) 
Fishing ports A 5.6 38.9 55.6 - 25.0 75.0 
Fishing ports B 38.9 44.4 16.7 - 37.5 62.5 
Fishing ports C 22.2 38.9 38.9 - 31.3 68.8 
Fishing ports D 11.1 50.0 38.9 - 25.0 75.0 
Fishing ports E 27.8 72.2 - - 37.5 62.5 
Fishing ports F 16.7 61.1 22.2 - 31.5 68.8 















CP – Compliance; NCP – Non-compliance; SNCP – Serious non-compliance 
 
Establishments 
From Table 4-6, most of the sub-items in all establishments were evaluated as non-
compliant. For the total establishment, the percentages of non-compliant sub-items 
accounted for 71.5% in the building module and 74.0% in the facility module, where-as 
the compliant sub-items only achieved 2.3% in the facility module and 18.4% in the 
building module. Establishment number seventeen was classified as having the best 
hygiene conditions with 66.7% of compliant sub-items and no seriously non-compliant 
sub-items in the building module. Moreover, this establishment had only 8.3% of serious 
non-compliant sub-items in the facility module. The worst hygiene conditions may be in 
establishment number twenty-five with 33.3% of seriously non-compliant sub-items in 
both the building module and facility module. 
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Table 4-6: The percentage of compliant sub-items evaluated using a checklists in 
establishments 




CP (%) NCP (%) SNCP (%) CP (%) NCP (%) SNCP (%) 
Establishment 1 11.1 88.9 - - 91.7 8.3 
Establishment 2 11.1 88.9 - - 83.3 16.7 
Establishment 3 22.2 77.8  8.3 83.3 8.3 
Establishment 4 22.2 66.7 11.1 - 91.7 8.3 
Establishment 5 11.1 77.8 11.1 - 75.0 25.0 
Establishment 6 33.3 55.6 11.1 - 66.7 33.3 
Establishment 7 22.2 66.7 11.1 - 83.3 16.7 
Establishment 8 11.1 44.4 44.4 - 83.3 16.7 
Establishment 9 22.2 66.7 11.1 - 41.7 58.3 
Establishment 10 33.3 55.6 11.1 - 75.0 25.0 
Establishment 11 11.1 88.9 - - 75.0 25.0 
Establishment 12 22.2 66.7 11.1 - 50.0 50.0 
Establishment 13 22.2 55.6 22.2 - 83.3 16.7 
Establishment 14 - 88.9 11.1 - 75.0 25.0 
Establishment 15 33.3 55.6 11.1 8.3 83.3 8.3 
Establishment 16 55.6 44.4 11.1 - 41.7 58.3 
Establishment 17 66.7 33.3 - - 91.7 8.3 
Establishment 18 11.1 66.7 22.2 - 91.7 8.3 
Establishment 19 - 88.9 11.1 - 41.7 58.3 
Establishment 20 11.1 77.8 11.1 - 83.3 16.7 
Establishment 21 - 88.9 11.1 - 75.0 25.0 
Establishment 22 - 100 - - 66.7 33.3 
Establishment 23 44.4 55.6 - 25.0 50.0 25.0 
Establishment 24 11.1 77.8 11.1 - 83.3 16.7 
Establishment 25 - 66.7 33.3 - 66.7 33.3 
Establishment 26 22.2 77.8 - 25.0 50.0 25.0 
Establishment 27 11.1 88.9 - - 83.3 16.7 
Establishment 28 11.1 88.9 - - 83.3 16.7 
Establishment 29 11.1 77.8 11.1 - 83.3 16.7 
Establishment 30 22.2 55.6 22.2 - 91.7 8.3 
Establishment 31 22.2 77.8 - 8.3 58.3 33.3 
Establishment 32 - 88.9 11.1 - 100 - 
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Fish markets 
Similar to fishing ports and establishments, most of the sub-items in 12 fish 
markets were determined as non-compliant in the building module and seriously non-
compliant in the facility module (Table 4-7). For total fish markets, the percentage of 
non-compliant sub-items accounted for 75.6% of the building module. However, the 
percentage of non-compliant sub-items was 58.3% in the facility module.  The fish 
market evaluated as having best hygiene conditions, was market G. This market had 
30.8% of compliant sub-items in the building module and 7.1% of compliant sub-items in 
the facility module. The market K was determined as having the worst hygiene conditions 
among 12 fish market modules, with only 7.7% of compliant sub-items in the building 
module. 
 
Table 4-7: The percentage of compliant sub-items evaluated using checklists in fish 
markets 




CP (%) NCP (%) SNCP (%) CP (%) NCP (%) SNCP (%) 
Market_A 15.4 69.2 15.4 - 35.7 64.3 
Market_B 7.7 77.0 15.4 7.1 42.9 50.0 
Market_C 15.4 84.6 - - 42.9 57.1 
Market_D 23.1 76.9 - - 42.9 57.1 
Market_E 23.1 76.9 - - 50.0 50.0 
Market_F 30.8 61.5 7.7 7.1 42.9 50.0 
Market_G 30.8 69.2 - 7.1 35.7 57.1 
Market_H 15.4 84.6 - - 42.9 57.1 
Market_I 23.1 69.2 7.7 - 42.9 57.1 
Market_J 15.4 77.0 7.7 - 28.6 71.4 
Market_K 7.7 69.2 23.1 - 57.1 42.9 
Market_M 10.0 80.0 10.0 - 14.3 85.7 
















CP – Compliance; NCP – Non-compliance; SNCP – Serious non-compliance 
 
In general, non-compliant sub-items were dominant in the three types of places: 
fishing ports, establishments, and fish markets, where-as the highest percentage of non-
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compliant sub-items, 75.6%, fell in the building module of the market place. Regarding 
the compliant sub-items, the percentages of compliant sub-items always accounted for the 
lowest percentages when compared to the non-compliant sub-items and seriously non-
compliant sub-items in the three types of place. The highest percentage of compliant sub-
items was 20.3% for the building module in fishing port places.  
The detailed results of items presented by the average scores for the building 
module and facility module, are further presented and discussed below. 
Building module   
The assessments for the building module of fishing ports, establishments, and fish 
markets were made in terms of location, layout, floor and walls, drain, and lighting in 
these premises. The average scores for these items are presented in Table 4-8. 
Location 
Based on the Table 4-8, the scores for location items of fishing ports, 
establishments and fish markets showed the highest scores among five items in the 
checklist assessment. Scores for location items were significantly higher for fishing ports 
(2.42 ± 0.12) compared to establishments (2.22 ± 0.39) (p<0.0005). However, these 
average scores were still classified as non-compliant. The locations of most of these 
places were acceptable for transport, electricity, and water. This was a positive aspect of 
hygiene conditions. However, it is noted that the surroundings of the fishing ports, the 
establishments, and the fish markets, were not cleanable because of solid waste and waste 
water. Regarding food safety aspects, these non-cleanable surroundings may emit 
biological hazards and host rats and flies, which are likely to contaminate utensils and 
fish. The low score for cleanliness for surroundings of fish ports, establishments, and fish 
markets was the main reason for the non- compliant scores for the location item.  
Layout 
The regulations require that the layout of these places must ensure a forward fish 
process flow and that the fish sites are clearly separated from non-fish site to avoid 
contamination from hazardous items such as waste and chemicals. Based on the results in 
Table 4-8, the average layout scores for fishing ports, establishments, and fish markets 
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were 2.39, 1.92, and 2.11, respectively, that were classified as non-compliant. Statistical 
analysis did not show significant differences between these places. The problems for 
layout items included: the waste areas were not separate from fish unloading or 
uploading, and the fish process flow criss-crossed the hazardous areas. 
 
Table 4-8: Average scores of items in building modules evaluated using checklists in 
fishing ports, establishments, and fish markets 
Places Building module 
Location Layout Floor, wall, 
and roof 
Drains Lighting 
Fishing ports  
(n = 6) 
2.42 ± 0.12
a
   2.39 ± 0.13
a 
2.25 ± 0.41 1.67 ± 0.52 2.17 ± 0.41 
Establishments 
(n  = 32) 
2.22 ± 0.39 1.92 ± 0.40 2.14 ± 0.38 1.95 ± 0.29 2.09 ± 0.46 
Fish markets 
(n = 12) 
2.39 ± 0.25 2.11 ± 0.16 2.06 ± 0.31 2.00 ± 0.21 2.17 ± 0.58 
a
 Average ± SD 
 
Floor, wall, and roof  
The average scores for this item in fishing ports (2.25), fish trading establishments 
(2.14), and fish markets (2.06) indicated non-compliance. These scores were significantly 
different between places (p<0.0005).  
In the regulations, the requirement for the design of floors and walls of fishing 
ports, fish trading establishments, and fish markets is that they should all be smooth, 
impermeable, washable, non-skid, and hard-wearing. However, it is noted that most of 
the floors of these places were made of cement. Moreover, there were cracked floors 
which were unsealed cement (which is not impervious) and which contained a few small 
pools. The walls and pillars were painted with water-based latex paint or oil paint, or not 
painted at all. There were also some holes in the walls. The floors and walls or pillars 
may be difficult for cleaning and sanitising because of the cracked floors or small pools 
on the floors, or because of holes or permeable materials in walls and pillars. These floors 
and walls may serve as the attachment point for food borne pathogens. The written notes 
of observation reported that most of the fishing ports, establishments, and fish markets 
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may be lacking in regular cleaning because of the accumulations of dirt on walls and 
floors. Since cleaning and sanitising are considered important tasks to prevent 
contamination, and they were difficult to undertake effectively in the three places, their 
cleaning and sanitation status could lead to the production of contaminated food products 
(Chiarini, Tyler, Farber, Pagotto, & Destro, 2009; Dass, Abu-Ghannam, Antony-Babu, & 
Cummins, 2010; Djekic, Tomasevic, R., & Maia, 2006).  
Regarding the roofs of fishing ports, trading establishments, and fish markets, most 
of the fishing ports and fish markets had roofs made of iron sheets and had natural 
ventilation. However, the roofs of some establishments were not constructed to high 
standards (e.g. were move in high winds), were not maintained and/or leaked in places. 
 Drainage 
The average scores for drain items at fish ports (1.67), fish trading establishments 
(1.95), and fish markets (2.00) were all classified as non-compliant and there was no 
significant difference among these places. The results from observation showed that most 
of these places had very poor drainage systems and were not protected against the entry 
of rodents. A few surveyed places had no outside drainage system. These situations lead 
to stagnant water on the floors and make good places for the accumulation of pathogen 
microorganisms. This will increase the risks of water and fish contamination. 
Lighting 
The lighting of all the fishing ports, fish trading establishments, and fish markets 
was mainly natural. Some of these places had artificial light that were not covered. Thus, 
the score for lighting at fishing ports, establishments, and fish markets (Table 4-8) were 
2.17, 2.09, and 2.17, respectively, and these scores were all classified as non-compliant. 
Natural or artificial lighting is important for food premises; however, any lighting fixtures 
must be covered for preventing contamination through breakages.  
In general, the poor design and structure of fishing ports, establishments, and fish 
markets was revealed through the low average scores. The location items seem to be the 
best scores among the five items of the building module in the checklist; however, even 
so, there were no compliant scores for fishing ports, establishments, and fish markets for 
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this item. The finding of inadequate design and structure in this study reflects revelations 
in newspaper and MARD reports from 2008 on (Doan, 2010; MARD, 2008; Nguyen, 
2014). Appropriate design and structure of food premises are important pre-requirements 
for good hygiene conditions and food safety. Therefore, improving design and structure 
of fishing ports, establishments and fish markets should be considered first in any 
strategies for improving hygiene condition for the DSDCs.    
Facility module 
The assessments carried out for the facility modules of fishing ports, 
establishments, and fish markets evaluated the status of water and ice, tools and 
equipment, hygiene, and solid waste and waste water. The average scores for these items 
are presented in Table 4-9. 
Water and ice    
The average scores for water and ice items at fishing ports, fish trading 
establishments, and fish markets, were 1.58, 1.84, and 2.0, respectively; these score were 
all classified as non-compliant.  
Some of the fishing ports, establishments, and fish markets can access clean water 
from the Water Supply Council. Some of the fish trading establishments and fish markets 
had water tanks for storing water from wells and rain-water for washing and cleaning 
purposes. The reasons for the low average scores for all surveyed places were: 
insufficient qualities and quantities of water and ice compared with the requirements 
specified in the regulations.  
Using dirty water for food water may be the vehicle for several food-borne 
pathogens (Hanning, Nutt, & Ricke, 2009; Karagiannis et al., 2010; Levantesi et al., 
2012; Molbak, 1989). Thus, the lack of clean water in fishing ports, establishments, and 
fish markets, found in this study, could lead to serious contamination of fish. 
In addition to the lack of clean water, water and ice equipment such as taps, sinks, 
water tanks, and ice containers, were, in most of the surveyed places, insufficient, not 
well designed, and not easy to wash. Furthermore, most equipment used for water and ice 
storage was made of inappropriate materials that were not easy to wash and clean.  
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In general, the lack of clean water and insufficient and unhygienic water and ice 
equipment make it predictable that these fish premises are likely to provide unsafe fish to 
the domestic markets. 
Tools and equipment 
The average scores for tools and equipment used in fishing ports, establishments, 
and fish markets, including fish containers and means of fish transport, were 1.33, 1.91, 
and 1.00, respectively. These average scores were determined significantly different 
(p<0.0005).  The average scores for fishing ports and fish markets were classified as 
seriously non-compliant. Particularly, the average scores for 12 fish markets was 1.00, 
which means that all of the sub-items in this item were seriously non-compliant. 
Observations noted that fish containers used in fishing ports and fish markets were 
of various kinds, such as PE bags, plastic boxes, tin boxes, styrofoam (foam) boxes or 
bamboo baskets. Commonly, fish containers are made of plastic and bamboo. Most of the 
fish containers used in fishing ports, establishments, and fish markets were found to be 
not well designed and were difficult to clean. The seriously non-compliant score resulted 
from the inadequate design and inappropriate materials of these fish containers. The 
regulations always require that containers must be of non-toxic materials, be well 
designed, and be fabricated in a manner that allows for their sanitising and cleaning. 
Unsuitable fish containers used in fishing ports, establishments, and fish markets could 
cause physical damage to fish, such as loss of scales, bruising and bursting of the gut. 
This could increase the number of sites open on the fish for bacterial attack and spread. 
Furthermore, unhygienic fish containers are likely to contaminate fish, particularly fish 
that are physically damaged.  
In addition to the non-compliance of fish containers, the means of transportation 
used in fishing ports, establishments, and fish markets were also not compliant with 
regulations. The modes of transportations were not specially designed for the transporting 
of seafood. It was noted that handcarts were used in some fishing ports. Contact surfaces 
of these modes of transportations were sometimes made of wooden materials which are 
difficult to clean and sanitise. 
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The regulations specify that the food contact surface of the modes of transportation 
must be of washable, nontoxic materials that are easily cleanable or disinfectable. The 
hygiene conditions of modes of transportation in the fishing ports, establishments, and 
fish markets were found to be unacceptable. Thus, these hygiene conditions constituted 
another factor contributing to the low average scores for fishing ports, establishments and 
fish markets. This finding was similar to that revealed in the reports of Vo (2006), which 
stated  that the means of transportation in the DSDCs significantly affected the quality of 
raw seafood. The surfaces of tools and equipment might cause increased persistence of 
microorganisms and contamination of food in contact with them (Chiarini, et al., 2009; 
Dass, et al., 2010; Jensen et al., 2008) Thus, the risks of microorganism contaminations 
of fish in the fishing ports and establishments and fish markets are likely to increase. 
 
Table 4-9: Average scores of items in the facility module evaluated using checklists in 
fishing ports, establishments, and fish markets 





Hygiene Waste and 
waste water 
Fishing ports  (n = 6) 1.58 ± 0.09
a 
1.33 ± 0.00 1.31 ± 0.16 1.08 ± 0.20 
Establishments (n  = 32) 1.84 ± 0.35 1.91 ± 0.24 1.68 ± 0.23 1.86 ± 0.26 
Fish markets (n = 12) 2.00 ± 0.45 1.00 ± 0.00 1.52 ± 0.25 1.17 ± 0.25 
a
 Average ± SD 
 
Hygiene  
The average scores for this item were 1.31, 1.68, and 1.52 (Table 4-9) for fishing 
ports, establishments, and fish markets, respectively. These scores were not of significant 
difference ((p<0.0005) in statistics. The scores for fishing ports, establishments and fish 
markets were classified as non-compliant.  
One of the sub-items contributing to the low average scores for this item was 
hygiene in the toilets. Observations noted that the majority of the surveyed places had 
only one toilet and that the toilet was not in a good hygienic condition. The 
accumulations of dirt on the walls and floors of the toilets was also noted. This non-
compliant status of the toilet sub-items was found unacceptable, since the regulations 
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state that toilets must be sufficient in numbers and kept in hygienic and good repair. 
Furthermore, the regulations also require a waiting room or changing room for workers in 
fishing ports and establishments. However, the fact is that almost no fishing ports and 
establishments had a changing room or waiting room.  
The majority of the fishing ports, establishments, and fish markets had only one or 
two stations for hand-washing; additionally, the tool cleaning stations were in the same 
place. In addition, almost no fishing ports, establishments and fish markets had hand 
washing soap, although the regulations require that hand washing soap must be provided 
at hand washing stations. Using soap or other hand hygiene agents has been proven 
effective at removing organic debris and microbial load in the hand washing process 
(Snyder, 1998). Some studies have shown that personal facilities are indispensable in 
food premises, and that lack of these leads to  failures in hygienic procedures and relates 
to food-borne disease outbreaks (Greig, Todd, Bartleson, & Michaels, 2007; Todd, 
Michaels, Smith, Greig, & Bartleson, 2010). Therefore, the insufficiency of facilities for 
the personal practice of hygiene at fishing ports, establishments and fish markets was 
likely to lead to major concerns regarding the hygiene of fish handlers.   
 Besides the absence of soap and a changing room, almost no fishing ports, 
establishments, and fish markets had sanitisers or detergents for washing tools and 
equipment. Moreover, the tools for cleaning floors or toilets were also insufficient in 
number and not well designed. A lack of tools for cleaning and sanitising make it difficult 
to clean effectively; thus the accumulation of dirt on contact surfaces, floors or walls and 
toilets was noted at most fishing ports, establishments, and fish markets. 
Solid waste and waste water 
Solid waste was the most concerning of all impediments to hygienic conditions in 
all fishing ports, establishments, and fish markets. The average scores for this item were 
1.08, 1.86, and 1.17 in fishing ports, fish trading establishments, and fish markets, 
respectively. The scores were statistically significantly different between these places 
(p<0.0005) (Table 48). Among the three average scores, those for fishing ports and fish 
markets were nearly classifiable as seriously non-compliant. 
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It is noted that solid waste was scattered on the floor or had accumulated not far 
from fish sites in all fishing ports, establishments, and fish markets. There were a few full 
waste bins in some survey places. These bins did not even have a lid and were kept in 
poor states of hygiene. Regulations regarding solid waste management always emphasise 
that the bin must be periodically emptied and there should be obligatory transferring of 
waste far away from fish sites, to avoid deposit or accumulation of solid waste in areas 
surrounding fishing ports, establishments, and fish markets. Solid waste had accumulated 
on some food premises, and proved attractive to pests and insects; therefore, in some 
fishing ports and fish markets, insects and rodents were noted during site visits.  These 
insects and rodents, that determined as well-known vectors, can bring to biological 
hazards to food premises (De Jesus, Olsen, Bryce, & Whiting, 2004; Olsen & Hammack, 
2000; Vriesekoop & Shaw, 2010).  
In addition to solid waste treatment, waste water treatment is clearly required by the 
regulations for fishing ports, fish trading establishments, and fish markets. However, 
almost no fishing ports, fish trading establishments, and fish markets had a waste water 
treatment facility. All kinds of water waste went out directly to the sea or into common 
local drainage systems. Moreover, it is noted that waste water could overflow onto the 
floors in most of the surveyed places and make contact with the fish. This most likely 
resulted in contamination of the fish. 
In general, the average scores from the checklists and written notes from 
observations showed that the solid waste and waste water items for fishing ports and fish 
markets constituted serious hygiene problems. This finding was similar to that of a report 
from MARD and to that of some studies in Vietnam (Doan, 2010; MARD, 2008; 
Nguyen, 2014). It was found that unhygienic conditions were likely to increase the risk of 
micro-organic contamination of fish in fishing ports, establishments, and fish markets.  
Overall, the average scores for facilities at fishing ports, establishments, and fish 
markets were quite low. These scores reflected the levels of hygiene for most fishing 
ports, establishments, and fish markets as very poor and non-compliant, or seriously non-
compliant with government regulations. Improving the hygiene facilities at fishing ports, 
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establishments, and fish markets should be prioritised as part of the fish safety strategies 
of the fish industry and governments. 
4.4.2  ASSESSMENT OF DOCUMENTS RELATED TO HYGIENE PROCEDURE 
The average scores for documents and records related to hygiene procedures in 
fishing ports, establishments, and fish markets were very low with 1.28, 1.03, and 1.13 
for fishing ports, establishments, and fish markets, respectively (Table 4-10). These 
scores were of significant difference (p<0.0005) in statistics. The average score for 
establishments (1.03) were nearly classifiable as seriously non-compliant. Regarding 
average scores for each item, the highest average scores were for safety of water and ice 
in fishing ports with 1.91. The average scores that were 1.00, occurred in many items for 
establishments and fish markets.  
The percentages of compliant sub-items in Table 4-11, were only 2.5%, 3.4%, and 
0.3% for fishing ports, establishments, and retail markets, respectively; whereas, the 
percentages for seriously non-compliant sub-items were highest with 74.1%, 96.6%, and 
87.3% for fishing ports, establishments, and fish markets. 
The problems determined in all fishing ports, establishments, and fish markets were 
that very few documents or records were kept in these places. Most of the documents or 
records were about waste and hygiene management and the hygiene schedules for staff 
were written down. However, the written records are too simple and not clear.  
According to government regulations, hygiene procedures at fishing ports, 
establishments, and fish markets must be written down, records kept, and personal 
observation made of all aspects for safety of water and ice, personal hygiene and health, 
cleaning and disinfection, waste management, prevention of contamination, monitoring 
of temperature for transport and storage, recall or traceability and training. However, 
when the researchers asked for those documents and records, almost none of those 
surveyed places could provide those documents or evidence of those documents’ 
existence. Serious non-compliance with required keeping of documents and records of 
hygiene procedures, may reflect the status of improper implementations of hygiene 
procedures in these places. The improper implementations of hygiene procedures in 
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fishing ports, establishments, and fish markets also are reflected through the low average 
scores of all items in the facility module of this study. 
Table 4-10: The average score of items evaluated using checklists at fishing ports, 
establishments, and fish markets 
Items for assessment Fishing ports 
(n = 6) 
Establishments 
(n = 32) 
Fish markets 
(n = 12) 
Safety of water and ice 1.91 ± 0.67 1.08 ± 0.27 1.08 ± 0.28 
Cleaning and disinfection 1.72 ± 0.46 1.04 ± 0.20 1.25 ± 0.44 
Personnel hygiene and health 1.13 ± 0.34 1.00 ± 0.00 1.00 ± 0.00 
Prevention of contamination 1.05 ± 0.24 1.00 ± 0.00 1.03 ± 0.17 
Maintenance of facilities for 
personal hygiene 
1.05 ± 0.24 1.05 ± 0.28 1.00 ± 0.00 
Waste management 1.61 ± 0.70 1.16 ± 0.26 1.83 ± 0.45 
Recall and traceability 1.61 ± 0.38 1.00 ± 0.00 1.00 ± 0.00 
Training 1.06 ± 0.24 1.00 ± 0.00 1.00 ± 0.00 
Transport and storage  1.11 ± 0.32 1.04 ± 0.20 1.00 ± 0.00 
Pest control - 1.05 ± 0.22 -  
Average score of total sub-items   1.28 ± 0.50 1.03 ± 018 1.13 ± 0.35 
 
These serious non-compliances of hygiene procedures in fishing ports, 
establishments, and fish markets could easily lead to contamination of fish from water or 
ice, waste, diseased workers, contaminated tools and equipment. Furthermore, non-
monitoring of the temperatures of fish during storage and transporting, is always likely to 
lead to fish temperatures that are suitable for microorganism to grow and multiply. It is 
known that failures in hygienic procedures are related to food-borne disease outbreaks 
(Greig, et al., 2007; Todd, et al., 2010). The importance of hygiene procedures as part of 
an effective cleaning of food surfaces in order to reduce the potential of contamination, 
especially the potential pathogens, is well documented (Sagoo, Little, Griffith, & 
Mitchell, 2003). Lack of management of personal hygiene and health, prevention of 
contamination, monitoring of temperatures, recall or traceability, food hygiene and safety 
training, and pest control, are major concerns regarding fish production in these places. 
These results showed that all fishing ports, fish trading establishments, and fish markets 
have a long way to go to improve themselves so as to meet the requirements of the 
government regulations in order to be able to provide safe fish for domestic markets. 
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Another point that needs to be discussed in this study is pest control as required by 
regulations. The regulations for fish trading establishment require pest control measures 
to be implemented and documents and records of pest control to be kept. However, it is 
clear that the current regulations for fishing ports and fish markets do not mention pest 
control. Therefore, the checklists for fishing ports and fish markets have no items 
regarding pest control. The non-existence of pest control requirements for these places 
may explain the presence of insects and rodents in some fish markets and fishing ports 
during site visits.  Since pest control is important, no specified pest control requirements 
may make food premises susceptible to an increase in risks of contamination in food. (De 
Jesus, et al., 2004; Olsen & Hammack, 2000; Vriesekoop & Shaw, 2010). This note 
should be reported to food law makers and authorities in Vietnam. 
Table 4-11: The percentage of compliant sub-items evaluated using checklists at fishing 



























Safety of water and 
ice 
16.7 58.3 25.0 - 7.8 92.2 - 8.3 91.7 
Cleaning and 
disinfection 
- 72.2 27.8 - 4.2 95.8 - 25.0 75.0 
Personnel hygiene 
and health 
- 12.5 87.5 - - 100 - - 100 
Prevention of 
contamination 
- 5.5 94.4 - - 100 - 2.7 97.2 
Maintenance of 
facilities for personal 
hygiene 
- 5.5 94.4 - 8.3 91.7 - - 100 
Waste management 11.1 38.9 50.0 - 7.3 92.7 2.8 77.8 19.4 
Recall and 
traceability 
- 16.7 83.3 - - 100 - - 100 
Training - 5.5 94.4 - - 100 - - 100 
Transport and 
storage  
- 11.1 88.9 - 4.2 95.8 - - 100 
Pest control - - - - 5.2 94.8 - - - 
Percentages of total 
sub-items  
2.5 23.5 74.1 - 3.4 96.6 0.3 12.3 87.3 
Note: CP – Compliance; NCP – Non compliance; SNCP – Serious non compliance 
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In conclusion, the assessment for infrastructures and documents and records related 
to hygiene procedures in fishing ports, establishments, and fish markets has revealed a 
large number of sub-items that are non-compliant and seriously non-compliant with 
government regulations. These places face problems in building modules and facility 
modules and particularly serious problems in documents related to hygiene procedures. 
The results of low levels of compliance of infrastructure in fishing ports, establishments, 
and retail markets using checklist surveys in this study, showed the real situation of 
Vietnamese distribution chains. The finding in this study is similar to that of Lem, et al. 
(2004) who point out that the poor infrastructure of distribution chains has affected the 
quality and prices of fish. The reports from MARD and several other reports recently, 
also claimed that the hygiene conditions of fishing ports and fish markets were problems 
that needed to be addressed and improved on (Doan, 2010; MARD, 2008; Nguyen, 
2014).   Working in unhygienic environments with poor personal or health management 
is likely to lead to persistence of microorganisms and to an increase in the risks of 
contamination of raw fish in the distribution chains. Therefore, the government 
authorities should pay more attention to the hygienic situations of physical environments 
in fishing ports, fish trading establishments, and fish markets. 
4.4.3  ASSESSMENT OF HYGIENIC HANDLING PRACTICES OF FISH HANDLERS  
Details of bare-hand and glove hands contact with fish by fish handlers in fish 
markets, fishing ports, and fish trading establishments are presented in Table 4-12. Of 75 
handlers working in the fish market, 41.3% (31 handlers) worked with gloved hands and 
58.7% (44 handlers) worked with bare hands; whereas, of 60 handlers working in fishing 
ports and establishments, 80% (48 handlers) worked with gloved hands and 20% (12 
handlers) worked with bare hands (Table 4-12). 
A gloved hand during contact with fish is required by regulation Sections 2.9.2.c in 
QCVN 02-10:2009/BNNPTNT and 2.5.3.a in QCVN 02-11:2009/BNNPTNT. 
Regulations require that gloves must be clean and not absorbent or with pinholes. 
However, the fact is that most of the gloves used by fish handlers are dirty, and that those 
few workers in fish ports and establishments who used the gloves, used gloves made of 
fabric. The possible purpose of using gloves in these places is to protect worker’s hands. 
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Therefore, of the possible reasons for higher frequency of glove use at fishing ports found 
in this study, one is that handlers at fish ports and establishments more frequently come 
into contact with sharp objects such as hooks, bamboo baskets, and fins of big fish, and 
heavy objects, compared to workers in fish markets. 
Several researchers and practitioners have indicated that pathogens can be 
transmitted from hands to foods (Ansari, Sattar, Springthorpe, Wells, & Tostowaryk, 
1988; Ehrenkranz & Alfonso, 1991; Michaels et al., 2004), however, the transfer of 
pathogens can be reduced when using proper clean gloves (Michaels, et al., 2004; 
Montville, Chen, & Schaffner, 2001). The FDA recommends that bare-hand contact 
should be minimised when working with non-ready to eat food (FDA, 2011).  
This study found that apart from bare-hand contact workers, the unhygienic status 
of gloved hands may be worsened because of the accumulated dirt on gloves made of 
unsuitable materials. Furthermore, the poor personal hygiene facilities at working places 
and non-compliance of documents related to personal hygiene procedures of workers as 
found in this study, were likely to result in the poor personal hygiene of workers which in 
turn may frequently contribute to the contamination of raw fish in domestic distribution 
chains. Thus, workers’ use of gloves in fishing ports, establishments, and fish markets 
should be of concern and more attention should be paid to it by authorities in order to 
reduce risks of contamination of fish. 
 
Table 4-12: Percentage of fish handlers working with bare hands and gloved hands in 
fishing ports, establishments, and fish markets. 
 Fishing ports and 
establishments (n = 60 
handlers) 
Fish markets (n = 75 handlers) 








48 80 31 41.3 
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Hand contamination 
The results of hand contamination frequency observed at fishing ports and 
establishments are presented in Table 4-13. The majority of times that fish handlers 
contaminated their hands was “after touching floor” (201 times) (38.6% of total), “After 
touching contaminated tools and utensils” 195 times (37.4% of total), and “After 
touching other contaminated surfaces” 125 times (24 % total). Other reasons considered 
to cause contaminated hands were “after coughing, sneezing, using tobacco, eating” (47 
times), “After touching bin/waste” (6 times), “After touching bare body parts” (5 times), 
and “After using toilet room” (3 times).  
In total, hand washing was conducted only 5.0% (29 times) of the hand 
contaminated times (582 times).  The highest percentage of hand washing after hands 
contaminated was “after touching bin/waste with 66.7% and the second highest 
percentage was “after using toilet” with 33.3%. The percentages of hand washing for 
other actions were quite low with from 3% to 5%. Particularly, fish handlers’ washing 
their hands “after touching bare body parts” was 0%. 
Summary of the observed hand contamination of fish handlers in fish markets is 
provided in Table 4-14. In total of 44 handlers, the times of hand contamination were 
2,043 times. Hands engaging in actions of “touching floor” caused contamination of 825 
times (accounted for 43.6% total times), this number of times was the highest number of 
times of contamination of hands. The times of “touching contaminated tools” was the 
second highest number of times of hand contamination with 498 times (accounting for 
26.3% total times). The lowest numbers of times of making hands contaminated was 
“using the toilet” and “touching bin/waste” with 12 times. 
In total, fish handlers at fishing markets washed their hands only 9.5 per cent (195 
times) of 2,043 times of hand contamination. The percentages of hand washing “after 
using toilet” (75%) was the highest of the percentages. However, of a total of 401 times 
of hand contaminations from “touching money”, fish handlers washed their hands poorly 
2 times, as 0.4% of those times.  
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Table 4-13: Hand contamination frequency of fish handlers working with bare 
hands observed at fishing ports and establishments (12 handlers) 
Activities that contaminated 
the hands.  
 
Number of times  
hands  were 
contaminated 
Number of times, attempt at 
washing hands 
n % 
After touching floor 201 10 5.0 
After touching contaminated 
tools and utensils  
195 8 4.1 
After touching other 
contaminated surfaces 
125 4 3.2 
After coughing, sneezing, 
using tobacco, eating 
47 2 4.3 
After touching bin/waste 6 4 66.7 
After touching bare body 
parts 
5 0 0 
After using the toilet room 3 1 33.3 
Total 582 29 5.0 
  
Table 4-14: Hand contamination frequency of fish handlers working with bare hands 
observed at fish markets (44 handlers) 
Activities that contaminated the 
hand 
Number of times   
hands were 
contaminated 
Number of times, 
attempt at washing 
hands 
n % 
After touching concrete floor 825 71 8.6 
After touching contaminated tools 498 45 9.0 
After touching money 401 2 0.4 
After touching other contaminated 
surfaces 
170 57 33.5 
After coughing, sneezing, using 
tobacco, eating 
105 2 1.9 
After touching bin/waste 12 8 66,7 
After touching bare body parts 20 2 5 
After using the toilet room 12 9 75.0 
Total 2,043 195 9.5 
 
Summary of times that fish handlers using gloves contaminated their hands at 
fishing ports and establishments are presented in Table 4-15. In total, times of 
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contaminated gloved hands were 2,452 times. However, the number of time, attempt at 
washing gloved hands or changing glove, was only 3 times (0.1%) overall. 
The activities of “After touching concrete floor”, “After touching contaminated 
tools and utensils”, and “After touching other contaminated surfaces” led to 92.5 per cent 
(2,268 times) of contamination. Gloves contaminated “after coughing, sneezing, using 
tobacco, eating” accounted for 6.5% of total ‘gloved hands contaminated’. Fish handlers 
were also contaminated after touching bare body parts 6 times. 
Table 4-15: Gloved hands contamination frequency of fish handlers working with gloves 
observed at fishing ports and fish trading establishments (48 handlers) 
Activities that 
contaminated the glove 
hands  
 
Number of times gloved 
hands were contaminated    
 
Number of times, attempt at 
washing gloved hands or  
changing gloves 
n % 
 After touching concrete 
floor 
985 0 0 
After touching 
contaminated tools and 
utensils  
799 1 0.1 
After touching other 
contaminated surfaces 
484 1 0.3 
After coughing, 
sneezing, using tobacco, 
eating 
159 0 0 
After touching bin/waste 19 1 5.3 
After touching bare body 
parts 
6 0 0 
Total 2,452 3 0.1 
 
For fish handlers using gloves at fish markets (Table 4-16), out of 1,408 times of 
contamination, fish handlers performed particular poorly in glove washing or glove 
changing, which was carried out only 3 times (0.2 %). The activities of ‘After touching 
concrete floor”, “After touching contaminated tools”, “After touching money”, and 
“After touching other contaminated surfaces” accounted for 91.2 per cent (1,284 times) 
of ‘glove contaminated’. Glove contamination “after coughing, sneezing, using tobacco, 
eating” accounted for 7.0 per cent (98 times) of total ‘gloves contaminated’.  “After 
touching bare body parts” also caused gloved hand contamination 10 times.  
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Table 4-16: Gloved hand contamination frequency of handlers working at fish markets 
(31 handlers) 
Activities that 
contaminated the glove 
hands  
 
Number of times gloved 
hands were contaminated  
 
Number of times, attempt at 
washing gloved hands or 
changing gloves 
n % 
After touching concrete 
floor 
605 1 0.2 
After touching 
contaminated tools 
321 1 0.3 
After touching money 249 0 0 
After touching other 
contaminated surfaces 
109 0 0 
After coughing, sneezing, 
using tobacco, eating 
98 0 0 
After touching bin/waste 16 1 6.2 
After touching bare body 
parts 
10 0 0 
Total 1,408 3 0.2 
 
Results from Table 4-17 were treated as average hand contamination frequency per 
fish handler. Average number of times of ‘hand contaminated’ per fish handler with 
gloved hands observed at fishing ports, was the highest number of times (51.08 times) see 
Table 4-17. However, average number of times of attempts at washing hands per fish 
handler, was the lowest at 0.06 times.  
It can be seen from Table 4-17, that workers working with bare hands washed their 
hands more frequently than workers working with gloved hands. Reasons for the higher 
frequency may be that the worker working with bare hands can feel their dirty hands and 
this promotes hand washing. This finding of less washing of hands when hands were 
gloved than of when gloves were not worn, is also similar to that of some studies about 
hand washing of food handlers (Fendler, Dolan, & Williams, 2002; Green et al., 2007; 
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Table 4-17: Average hand contamination frequency per fish handler in fishing ports, 
establishments, and fish markets 
































48.50 ± 8.85 2.42 ± 1.00 51.08 ± 11.60 0.06 ± 0.24 
Fish markets 46.43 ± 8.19 4.43 ± 1.62  45.42 ± 8.96 0.10 ± 0.30 
 
Important issues that need to be discussed in the findings of this research include 
the quite high numbers of times that hands were contaminated and the too low numbers 
of times of fish handlers’ hand washing. High frequencies of hand contamination may be 
explained by two factors: Firstly, most fish handlers at fish markets and fish handlers 
doing sorting at fishing ports, were observed to be sitting on low chairs, therefore, their 
hands were frequently in contact with floors; moreover, due to unhygienic conditions 
surrounding fish handlers such as accumulated solid waste and flow of waste water on the 
floor, the hands of fish handlers frequently made contact with dirty surfaces or hazardous 
objects. Secondly, the fish handlers may not be aware of micro-organic hazards or risks 
for fish, therefore, touching contaminated objects or money were thought of as normal. 
The low frequency of hand washing after hands contaminated may result from two 
main factors. Firstly, the unawareness of risks or hazards for fish from contaminated 
hands resulted in fish handlers failure to wash their hands. Moreover, even if the handlers 
were aware of risks or hazards of contaminated hands for fish, they would not implement 
hand washing frequently because of the unhygienic conditions surrounding them. 
Another reason for low numbers of hand washing actions may be inadequate 
facilities for personal hygiene. Many researchers have shown that there are a number of 
factors that are barriers to hand hygiene practice; one of factors is not-easily-accessible 
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and insufficient hygiene facilities such as hand sinks and water (Green, et al., 2007; 
Pragle, Harding, & Mack, 2007). It was pointed out that the hygiene facilities and water 
in fishing ports, establishments, and fish markets are insufficient and inconvenient for 
workers. Thus, one of barriers to hand washing found in this research may be the lack of 
hygiene facilities in working places. 
Hand washing is known to be the most important means of preventing the spread of 
infection because hands are the largest source for the contamination of food (Harrison, 
Griffith, Ayers, & Michaels, 2003; Paulson, 2000). It is important to have effective hand 
washing for reducing the potential pathogen by using soap or other hand hygiene agents 
(Snyder, 1998). According to Food Code (FDA, 2013), hand washing is considered 
adequate when rinsing under clean, running water and drying immediately following the 
cleaning procedure. However, there are no hand washing procedure guidelines for any 
food handlers in Vietnam. The current regulations just require that hand washing must 
involve soaps or other agents to reduce contamination. However, not all observed 
workers at fishing ports and fish markets in this study used either soap or other agents at 
all hand washing times. Thus, all times of hand washing in this study are classified as 
non-compliant with regulations. 
It is established that the hygiene practices of the workers in fishing ports, 
establishments, and fish markets are unsatisfactory. The workers in this study engaged in 
risky practices with high frequencies of hands contamination that significantly increased 
the chances of their risk of contaminating fish. Regarding the infrastructures of fishing 
ports and fish markets, lack of water and sinks or taps may lead to reduced hand washing 
attempts of workers. Therefore, a compliance strategy must be developed to address these 
factors and provide realistic solutions for roots of issues. 
Cleaning practices 
The observer’s task was to record all actions each individual worker was 
performing. The sequence of workers’ actions involving food contact surfaces, utensils, 
and tools was used as the basis for determining whether contamination of them had 
occurred and therefore whether their cleaning and sanitising were necessary. An example 
of a sequence of actions between which cleaning and sanitising are recommended, is the 
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use of a scaler with raw fish, as the scaler, once used, is then put into waste water and 
then reused for other raw fish. 
The frequency of tools and work surfaces contamination and cleaning and 
sanitising by the fish handlers at fishing ports and establishments is presented in Table 4-
18. There were 62 times (6.8%) when surfaces and tools were cleaned out of 918 times of 
work surface and tool contamination. However, 0% adequately cleaned surfaces and tools 
in compliance with QCVN 02-01: 2009/BNNPTNT in Vietnam. Utensils were cleaned in 
15.9% (37 times) of the contaminated occasions (233 times), whereas cleaning of hooks, 
work surfaces, scale touch pads, and water containers was only implemented 2.3%, 2.7%, 
2.7% ,and 2.9% of 43, 375, 73, and 69 times of contamination, respectively. Of a total of 
918 times of tool and work surface contamination, 40.8% (375 times) were contamination 
of work surfaces, and 25.4% (233 times) of which were contamination of utensils. The 
last 33.8% included contamination of water ladle, scale touch pads, water containers, 
hooks, and shovels.  
The frequency of cleaning and sanitising by the fish handlers at fish markets is 
presented in Table 4-19. In total, fish handlers at fish markets cleaned and sanitised fish 
work surfaces, tools, and utensils 221 times (8.0%) of 2,752 times of contamination. 
Moreover, not all cleaning and sanitising actions were compliant (0%) with QCVN 02-
01: 2009/BNNPTNT of Vietnam. There were a total of 2,752 times of contamination, 
35.5% (973 times) of which were contamination of work surfaces, 26% (721 times) of 
which were contamination of knives or scissors, and 20% of scaler contamination. 
However, cleaning “work surfaces” was particularly poorly implemented, happening only 
22 times (2.3%) of the contaminated occasions. Cleaning “scalers” was performed on 9.5 
% (53 times) of the contaminated occasions. Cleaning of utensils, and scale touch pads 
also occurred only 3.4% and 7.0% of contamination times, respectively. Cleaning of 
cutting boards was the highest percentage, at 16.2 % compared with other items.  
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Table 4-18:  Frequency of tool and work surface contamination and cleaning and 
sanitising procedures of fish handlers in fishing ports and trading establishments (60 fish 
handlers) 






surfaces  were 
contaminated 
Number of times, 
attempts at cleaning 
and sanitising were 
made 
Number of times, tools 
and work surfaces 
were cleaned and 
sanitised adequately in 
compliance with 
regulations 
n % n % 
Work surfaces 375 10 2.7 0 0 
Utensils  233 37 15.9 0 0 
Shovel  39 4 10.3 0 0 
Scale touch pad 73 2 2.7 0 0 
Water ladle 86 6 7.0 0 0 
Water container 69 2 2.9 0 0 
Hook  43 1 2.3 0 0 
Total 918 62 6.8 0 0 
 
 
Table 4-19: Frequency of tool and work surface contamination and cleaning and 
sanitising procedures of fish handlers in fish markets (75 fish handlers) 
Types of raw 
fish contact 
surfaces 
Number of times 
tools and work 
surfaces  were 
contaminated 
Number of times, 
attempts at cleaning 
and sanitising were 
made 
Number of times tools 
and work surfaces 
were cleaned and 
sanitised adequately in 
compliance with 
regulations. 
n % n % 
Scaler 556 53 9.5 0 0 
Knife, scissors  721 97 13.5 0 0 
Cutting board 210 34 16.2 0 0 
Utensil 149 5 3.4 0 0 
Scale touch pad 143 10 7.0 0 0 
Work surfaces 973 22 2.3 0 0 
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Table 4-20: Average number of tool and work surfaces contamination per worker in 
fishing ports, establishments, and fish markets 
Places Average number of times 
tools and work surfaces  
that were contaminated 
per worker ± SD 
Average number of times, 
attempts at cleaning tools 
and work surfaces per 
worker ± SD 
Fishing ports and 
establishments 
15.30 ± 4.81 1.03 ± 0.86 
Fish markets 36.69 ± 7.68 2.95 ± 1.39 
 
With respect to the average number of times work surfaces and tools were 
contaminated per fish handler in fishing ports. The results in Table 4-20 showed an 
average of 15.30 times of contamination per observed fish handler. However, the average 
number of time attempt at cleaning and sanitising were made, was only 1.03 per fish 
handler. Furthermore, the average number of times fish handlers in fish markets 
contaminated of work surfaces and tools was 36.69 times while the average number of 
times attempt at cleaning and sanitising were made at these places was only 2.95 times. 
The results of this study showed that the number of times of cleaning and 
sanitization of tools, containers, and contact surfaces in fishing ports or establishments, 
and fish markets is too low compared to the number of times of contamination. 
Moreover, there were no cleaning or sanitizing times compliant with the requirements of 
regulations. According to Vietnamese regulations, the effective cleaning of food surfaces 
is an important component of food safety management systems (MARD, 2009b, 2009c, 
2009d, 2009e). It is well recognized that effective cleaning of food surfaces can reduce 
the potential for contamination (de Wit, Broekhuizen, & Kampelmacher, 1979; Kassa, 
Harrington, Bisesi, & Khuder, 2001; Sagoo, et al., 2003). Some specific pathogens such 
as noroviruses, E. coli 0157, and Campylobacter may pose risks when cleaning is not 
effective (de Wit, et al., 1979; Harrison, et al., 2003; Kassa, et al., 2001).  
Similarly with hand contaminations: contamination incidence of of work surfaces 
and tools was too high; however, the numbers of times of attempts at cleaning or 
sanitizing were too low. The high frequency of contamination of tools, containers, and 
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working surfaces may result from workers’ unawareness of harmful effects and from 
unhygienic surrounding working areas.  The explanation for the low frequency of 
cleaning or sanitising of tools, containers, and work surfaces may be the workers’ 
unawareness of risks or hazards for fish from contaminated tools and containers. Lack of 
water and hygiene facilities in fishing ports, establishments, and fish markets was 
possibly another factor preventing the workers’ compliance with cleaning requirements.  
The lack of appropriate cleaning and disinfection routines for food contact surfaces 
resulting from insufficient facilities,  has been identified in much research into catering 
premises and butcher shops (Clayton & Griffith, 2004; Lubran, et al., 2010; Walker & 
Jones, 2002 ; Worsfold & Griffith, 2001). However, the dominant reason for the lack of 
appropriate cleaning or sanitizing found in this study, may be fish handlers with no 
knowledge about micro-organic hazards and risks for fish, rather than insufficient 
facilities. 
On other hand, if the requirements of hand washing or cleaning and sanitizing of 
tools and containers during handling of fish were fulfilled for every single time of 
contamination, it would seem to be an unreal expectation for fish handlers, because the 
number of times required for hand washing or cleaning to be compliant with regulations, 
is too high (45 to 51 times of hand washing per hour and 15 to 36 times of cleaning of 
tools and containers per hour). Therefore, the main problems are not only workers’ 
unawareness of the contaminations, but also the unhygienic conditions surroundings of 
fish handlers such as accumulate solid waste and flow of waste water on the floor. 
In general, the hygienic handling practices of fish handlers in fishing ports, 
establishments, and fish markets were unacceptable compared to the government 
regulations. The quite high frequency of hand contamination and tool and container 
contamination and the low frequency of hand washing and cleaning or sanitizing of tools 
and work surfaces during handling of fish, were the most important findings noted in this 
section. The finding of a high frequency of contamination of workers’ hands and work 
surfaces and tools, may offer some explanations for previous results of high levels of 
micro-organic and high incidence rates of contaminations with pathogenic 
microorganisms (see Chapter 3). The main problems of this situation is the unhygienic 
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conditions surrounding fish workers and may-be the workers’ unawareness of risks or 
hazards for fish from contaminations (this problem is discussed in the next Chapter). 
Improving food safety strategies for the DSDCs needs to be focused on both in regards to 
the  unhygienic physical environment of the DSDCs and inadequate hygienic practices of 
fish workers.   
4.4.4  MONITORING TIME – TEMPERATURE OF FISH PRODUCT IN DISTRIBUTION 
CHAINS 
The results of temperature and time at five stages within the distribution chains are 
presented in Table 4-21. The percentages of fish samples that were kept under 4
0
C were 
quite low compared with  the percentages of samples kept at 4
0< and ≤70C, 70< and 
≤100C, and >100C. The average temperature at retail markets was the hightest (10.560C) 
along the chains. In the retail markets, more than a half of the samples had higher than 
10
0
C (51.2%), while only 1.3% of samples were kept under 4
0
C. It can be seen that the 
average temperature of fish at establishmanets was the lowest between four types of 
places, at 5.76
0 
C. Establishments had 21% of  samples with temperatures lower than 4
0
C 
and no samples were kept at higher than 10
0
C. With respect to the time for keeping the 
fish, wholesale markets were recorded as having the shortest time for keeping the fish, 
with an average of 0.9 hours (Table 4-21). Fish markets were evaluated as taking the 
longest time (average 9.29 hours) to display the fish for selling.  
Time-temperature data recorded along four domectic distribution chains are 
presented in the Figures 4-5, 4-6, 4-7, and 4-8 and in Tables 4-22, 4-23, 4-24, and 4-25. 
The duration for keeping the fish in Distribution Chain 1 from fishing ports to retail 
markets was recorded as the shortest time and ranged from 10-12 hours (figure 4-6); by 
constrast, the duration for keeping the fish in Distribution Chain 4 was recorded at more 
than 22 h from fishing ports to retail markets (Figure 4-8). 
 The results for Distribution Chain 1 showed that fish were kept the longest time 
and at the highest temperature at  the fish market stage compared with at the fishing port 
and transportation stages. Similarly, Distribution Chains 2, 3, and 4 also showed that fish 
markets were the places where fish were kept for the longest time and at the highest 
temperature (Table 4-23, 4-24, and 4-25). In those cases, fish were transported directly 
from fishing ports to establishments. In Distribution Chains 3 and 4, fish were kept the 
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shortest time in fishing ports at 0.42 and 0.47 hours, respectively, compared with other 
distribution chains.  
Table 4-21: Time and temperature kept of fish batches evaluated in fishing ports, 





















Fishing ports 600 8.50 ± 
2.58 
3.7 27 50.8 18.5 60 1.30 ± 
0.85 
Establishments 300 5.76 ± 
2.23 




300 7.41 ± 
2.15 
6.3 39.3 41.3 13.0 30 0.90 ± 
0.33 
Retail markets 1200 10.56 
± 3.06 
1.3 10.1 37.3 51.2 60 9.29 ± 
1.99 
Transportations 1200 8.52 ± 
2.46 




 numbers of samples; n
b
 numbers of fish batches from fishing ports; Mean ± SD
c
 : mean of temperature at 
each place 
 
The lenth of time for transportation from fishing ports to establishments is also the 
shortest time (average 0.51 hours in Chain 3, and 0.55 hours in Chain 4). Explanation for 
this result is due to most of the establishments being located close to fishing ports; 
therefore, the fish were transported immediately to establishments after unloading from 
fish boats. The tasks such as fish sorting or weighing were implemented at 
establishments. After sorting or weighing, fish  were often stored at establishments before 
being transported to other places. This explains the length of time at establishments (6.55 
hours in Distribution Chain 3 and 7.55 hours in Distribution Chain 4) (Table 4-24 and 4-
25). With respect to the length of time for transportations, the transportation to wholesale 
markets took the longest time (2.97 hours in Distribution Chain 2 and 2.7 hours in 
Distribution Chain 4) compared to length of time for other transportation. This is due to 
the wholesale markets being located mainly in big cities and far away from 
establishments or fishing ports. 
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The temperature of the fish in Distribution Chain 4 was the most fluctuant 
compared with that found in Distribution Chain 1, 2, and 3.  Fish in Distribution Chain 4 
included four trading places with different traders and were kept for the longest time 
before being sold to consumers; therefore, the temperature was not kept constant through 
different traders. 
Figure 4-5: Evolution of time and temperatures of fish along Distribution Chain 1. 
 
 






Percentage (%) of samples kept Mean ± SD 














Fishing ports  150 8.73 ± 3.41 2.7 23.3 52.0 22.7 2.04 ± 0.44  
Transportations 150 9.59 ± 2.89 0.7 13.3 46.7 39.3 0.85 ± 0.74 
Fish markets 300 10.6 ± 3.16 1.7 10.3 38.0 50.0 9.27 ± 3.96 
n
a 
:Number of fish samples,  Mean ± SD
b











































Distribution chain 1: Fishing ports to Retail markets 
Temperature (0C) 
Time (h) 
 118Chapter 4: Assessment of the current status of safe seafood compliance with government regulations within the 
DSDCs 
 










Percentage (%) of samples 
kept 
Mean ± SD 














Fishing ports  150 8.47 ± 2.62 4.0 28.0 37.3 30.7 2.11 ± 3.64 
Transportations 150 7.38 ± 1.79 4.0 35.3 56.0 4.7 2.97 ± 3.22  
wholesale 
markets 
150 7.55 ± 1.93 2.0 41.3 45.3 11.3 0.83 ± 3.17 
Transportations 150 10.07 ± 3.18 0.7 15.3 35.3 48.7 0.85 ± 0.23 
Retail markets 300 10.42 ± 3.17 1.3 11.3 40.3 47.0 8.85 ± 1.76 
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Figure 4-7: Evolution of time and temperatures of fish along Distribution Chain 3 
 
 





Percentage (%) of samples 
kept 
Mean ± SD 














Fishing ports  150 7.86 ± 2.13 3.3 33.3 52.7 10.7 2.11 ± 3.64 
Transportations 150 8.17 ± 2.08 3.3 25.3 48.0 23.3 2.97 ± 3.22  
Establishments 150 6.20 ± 2.26 16.0 42.7 41.3 0 0.83 ± 3.17 
Transportations 150 8.01 ± 2.23 5.3 28.0 46.0 20.7 0.85 ± 0.23 
Fish markets 300 10.73 ± 2.89 0.7 10.7 41.0 53.0 8.85 ± 1.76 
n
a 
:Number of fish samples,  Mean ± SD
b














































Distribution chain 3: Fishing ports to Establishments to Retail markets 
Temperature (0C) 
Time (h) 
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Figure 4-8: Evolution of time and temperatures of fish along Distribution Chain 4. 
 
 





Percentage (%) of samples 
kept 
Mean ± SD 














Fishing ports  150 8.21 ± 2.90 4.7 23.3 61.3 10.7 0.67 ± 0.18 
Transportations 150 8.79 ± 2.94 4.0 22.7 44.7 28.7 0.55 ± 0.23 
Establishments 150 5.32 ± 3.45 26.0 50.7 23.3 0 7.44 ± 3.11 
Transportations 150 7.71 ± 2.96 4.0 34.0 44.0 18.0 2.70 ± 0.63 
Wholesale 
markets 
150 7.27 ± 2.98 10.7 37.3 37.3 14.7 0.99 ± 0.32 
Transportations 150 8.43 ± 2.81 0 24.0 52.0 24.0 0.90 ± 0.20 
Retail markets 300 10.49 ± 3.08 1.7 26.7 30.0 55.0 9.66 ± 2.43 
n
a 
:Number of fish samples,  Mean ± SD
b
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Vietnamese regulations require that  raw fish materials must be kept refrigerated 
under 4
0
C. However, in this study, the internal temperature of almost all fish samples, 
except those in establishments, were higher than 4
0
C. It showed that temperature control 
of raw fish in fishing ports, establishments and fish markets was non-compliant. The most 
serrious non-compliance occurred in fish retail markets. Fish were exposed for long hours 
(average more than 9 hours) at high temperature (average temperature >10
0
C) to display 
for selling. Limitation to the amount of time that the seafood can be exposed to 
temperatures higher than 4
0
C may be necessary to avoid a problem related to time abuse 
of seafood.  
Lem (2004) also mentioned the problem of temperature abuse after observing fish 
retailers in Danang province and noting that retailers did not use much ice for fish 
preservation. One possible reason for this problem was using ice for only small volumes 
of fish traded, may make fish more costly. Researchers have shown that time/temperature 
abuse appears to be the most frequent contributing factor to seafood-borne illness 
outbreaks (Ahmed, 1991; FDA, 2011). There were outbreaks of smoked fish in United 
State in 1990 because of time/temperature abuse when smoked fish was transported 
unrefrigerated to markets (cited in Ahmed, 1991). Growth rates of pathogenic bacteria 
can reach dangerous numbers when exposed to prolonged temperature abuse. In most 
cases, pathogenic bacterial growth is very slow at temperatures below 10°C, and 4.4°C is 
below the minimum growth temperature of most pathogenic bacteria (FDA, 2011). 
Exceptions, Listeria monocytogenes, Yersinia enterocolitica, Aeromonas hydrophita, and 





C) (Ahmed, 1991). The FDA (2011) concluded that the temperature of 
seafood raw materials should be maintained below the minimum growth temperature for 
the pathogen or should not be allowed to exceed that temperature for longer than the lag 
growth phase. 
Time and temperature abuse at one step alone may not lead to an unsafe product. 
However, time and temperature abuse that occurs at successive processing steps is critical 
for safety. The cumulative time and temperature abuse may lead to sufficient amounts of 
pathogenic bacteria and their toxins at unsafe levels of pathogenic bacteria or their toxins 
in food because of  multiplications and producing toxins of bacterial  (FDA, 2011). It is 
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known that the toxin produced by S. aureus or B. cereus is not destroyed by cooking, and 
spores of C. perfringens and B. cereus could be present, survive the cooking process, and 
grow and produce toxin in the product during cooling and subsequent handling (CRFSFS, 
2003; Iwamoto, et al., 2010). Moreover, time and temperature abuse are the most 
important predisposing factors leading to form histamine (Kose, 2010) in the Scombridae 
and Scomberesocidae fish families (Cited in Arias, 2009) 
The non-compliance of controlling the amount of time and temperatures at fish 
markets in this study would permit pathogenic bacteria growth or toxin production.  The 
situation was more serious when fish were consumed in accordance with the traditional 
habit of raw eating in Vietnam (Phan, et al., 2011). According to FDA (2011), cumulative 
exposure of  fish at internal temperatures above 10
0
C is critical to fish safety and should 
be limited to 2 - 3 hours. However, this study shows that most fish sold in fish markets 
are exposed for more than 10 hours at temperature above 10
0
C. For this reason, the 
cumulative effects of time and temperature abuse during the entire process of seafood 
distribution are critical points for food safety of the DSDCs. 
In general, the findings in this research show that time and temperature control for 
fish in the DSDCs are non-compliant with government regulations.  Without effective 
control of times and temperatures of fish, a high risk in unsafe seafood of the DSDCs is 
predictable. Therefore, management of time and temperature of fish exposure is really 
necessary for the DSDCs in Vietnam. Especially, the time that is cumulative at successive 
process steps within the DSDSc should be controlled and limited. 
4.5 CONCLUSIONS 
This study showed non-compliance or serious non-compliance for most of the sub-
items of physical infrastructure and documents related to hygiene procedures in fishing 
ports, establishments, and fish markets in the DSDCs. The practices of fish handlers are 
also determined as having high risk for contamination of raw fish in terms of hand 
contamination and work surface and tool contamination. The results found unacceptable 
time and temperature controls for almost all fish batches from fishing ports distributing to 
fish markets through different distribution chains.  The situation of working in unhygienic 
environments and the poor hygiene practice of fish distributors might be evidence that 
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contamination could occur. Moreover, lack of compliance with time and temperature 
controls could be conditions for pathogens’ survival and multiplications in fish. It is 
likely that the DSDCs cannot provide safe fish for consumers, and this could lead to 
major public concern in Vietnam. Therefore, there is need for improving food safety in 
the fish industry. The authorities and domestic fish businesses should pay more attentions 
to practical actions to solve these problems. This is a necessary and urgent matter for 
Vietnamese governments to consider. 
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Chapter 5: The association between factors 
which affect food safety practices 
5.1  BACKGROUND 
There are few studies on the domestic seafood industry in Vietnam. In particular, 
factors affecting food safety practices of domestic seafood distributors have not been the 
focus of systematic research. The way in which these factors affect domestic raw seafood 
distributors’ practices has been difficult to assess due to the problems in gaining access to 
the domestic distribution chain. In addition to the problems of access, seafood 
distribution patterns in Vietnam are complex due to the large range of geographical areas 
served, the large number of active traders, and the various linkages, direct and indirect, 
between traders and consumers (Dung, 2008). This complexity also makes it difficult to 
generalize the results from localized studies. 
Anecdotal evidence suggests that seafood distributors’ capabilities are limited. 
They  lack food safety awareness and have low education levels resulting in difficulty in 
understanding and applying quality assurance methods and complying with food safety 
regulations (MARD, 2008; Vo, 2003). This lack of compliance with the regulations has 
generated a substantial on-going debate about how to design regulatory and enforcement 
strategies that optimize compliance levels (MARD, 2008).  
This study was undertaken to build on the previous works in this field as identified 
by Dung (2008) and MARD (2008). It has also been designed to identify the factors that 
impact on the food safety practices of fish distributors. This current study used qualitative 
and quantitative methods to investigate the factors affecting seafood distributors’ 
practices in three distinct geographical areas. This research contributes to the existing 
field of knowledge because it evaluates the ways that factors perceived to affect domestic 
raw seafood distribution compliance actually impact upon domestic fish distributors’ 
behaviour and compliance levels. The issues found to influence fish distributors’ practice 
with respect to food safety have important implications for food safety and policies. 
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Aims 
The central focus of this chapter is to identify the factors affecting the safety 
compliance among fish handlers, retailers, and owners or traders of the DSDCs in 
Vietnam. 
Objectives of the chapter 
(1) To develop a survey instrument for assessing food safety practices and 
associated factors among fish distributors in the DSDCs; 
(2) To explore the levels of food safety compliance among fish distributors in the 
DSDCs; 
(3) To understand what factors influence fish distributors’ safety practices in the 
DSDCs and how they do so. 
5.2  LITERATURE REVIEW 
5.2.1  FOOD SAFETY PRACTICE  
During the food preparation process, food handlers’ obligations to maintain high 
standards of personal hygiene, cleaning contact surfaces, and the keeping of food at safe 
temperatures, are three practices that need to be adhered to for control of food-borne 
illness (Food and Drug Administration (FDA), 2004; Green & Selman, 2005; Medeiros, 
Hillers, Kendall, & Mason, 2001; Pilling, Brannon, Shanklin, Howells, & Roberts, 2008). 
When handling raw fish, in the DSDCs in Vietnam, distributors are required by 
Vietnamese regulations to clearly comply with several requirements, including: personal 
hygiene (hand washing, wearing clean protective clothes, caps, masks; and not eating at 
working places); cleaning and sanitising of tools and work surfaces; and controlling 
temperatures of fish during transportations, storage, and display (MARD, 2009b, 2009c, 
2009d, 2009e).   
Personal hygiene 
Personal hygiene is key to ensuring safe food since poor personal hygiene is one 
negative practice that affects food safety worldwide (Foster & Kaferstein, 1985). Poor 
personal hygiene of food workers is a contributing factor to food-borne disease 
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outbreaks; it contributes from 27% to 38% of food-borne disease outbreaks (Guzewich & 
Ross, 1999). Enforcing personal hygiene is a requirement that must be covered with 
extreme delicacy. Although food workers are required to have clean hands, nails, neck, 
hair, and clothing , which necessitates effort on their part, for some workers this becomes 
too personal (Guzewich & Ross, 1999). 
 The “Code of Practice for Fish and Fisheries Products” published by the WHO and 
FAO (2009) emphasises the importance of personal hygiene for all workers. The Code of 
Practice stipulates that workers should not be engaged in fish handling when they are 
suffering from, or are carriers of, communicable disease or infection. Also, they should 
wear clean and appropriate protective clothing and head-coverings, should wash hands at 
the start of work, upon re-entering and after using the toilet and should not eat, spit, or 
smoke while handling fish (WHO and FAO, 2009).  
Similarly, Vietnamese regulations have also insisted on the above specific needs for 
personal hygiene among fish handlers in order to reduce the risks of contamination and 
pathogen transmission. The regulations require that fish handlers must  inform their 
managers of any diseases or illnesses and maintain a high degree of personal cleanliness 
during the handling of fish (MARD, 2009b, 2009e). Therefore, in this study, there is a 
focus on personal hygiene topics including: avoiding working while sick; hand washing; 
wearing appropriate protective clothing e.g. cap, and mask; and not eating or smoking in 
the working area. 
Cleaning contact surfaces and tools 
The importance of the effective cleaning of food surfaces and tools is well 
recognized as a contributing factor in reducing the risks of contamination (de Wit, et al., 
1979; Sagoo, et al., 2003; WHO and FAO, 2009). There is evidence that bacteria on 
surfaces of containers, work stations, and equipment may contaminate food that comes 
into contact with them (Kassa, et al., 2001; Sagoo, et al., 2003; Scott & Bloomfield, 
1990); however, prevention of this contamination can be effective if food handlers 
properly clean and sanitise these surfaces. The “Code of Practice for Fish and Fisheries 
products” highlights the permanent cleaning and disinfection schedule that should be 
drawn up to ensure that all fish contact surfaces and tools are cleaned appropriately and 
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regularly (WHO and FAO, 2009).  According to the Vietnamese regulations for fish 
distribution chains, the effective cleaning of fish contact surfaces and tools is an 
important component of the food safety management system (MARD, 2009b, 2009c, 
2009d, 2009e). Therefore, cleaning food contact surfaces and tools is one of the most 
important practices in any food safety program and among food safety compliances. 
Controlling time-temperature 
Time-temperature is the single most important factor contributing to food-borne 
disease for fish and fisheries products (Ahmed, 1991; FDA, 2011). Time-temperature 
control does not prevent fish and fish products from becoming contaminated; however, it 
assists with controlling the level of pathogens or toxins produced from pathogens in fish 
or fish products to the point of safe consumption. Therefore, these factors work together 
to ensure safe fish. It is apparent that time and temperature control of raw fish of the 
DSDCs in Vietnam is important to maintain fish safety. The specific guidelines state that 
chilled fish must be maintained between 0
0
 C and 4
0
 C (FDA, 2011; WHO and FAO, 
2009). Vietnamese regulations require that raw fish material must be kept refrigerated 
under 4
0
 C. Therefore, one of the important contributors for food safety practices and one 
that must comply with regulations is time and temperature control. It will be one of the 
elements used to assess the food safety practices in this study. 
Measurement of food safety practices of fish handlers in the DSDCs should cover 
various parameters required by regulations, including personal hygiene, cleaning contact 
surfaces and tools, and controlling time and temperature. These parameters will help to 
form the frameworks for food safety practice assessment through a questionnaire 
instrument. Food safety practice of fish distributors in distribution chains can be assessed 
globally. With global assessment, researchers discover the general degree to which a 
group of workers is compliant and can show a comprehensive picture of food safety 
practices in the DSDCs.  
5.2.2  KEY FACTORS THAT AFFECT FOOD SAFETY AND HYGIENE PRACTICES 
Many studies about food safety practices in large numbers and types of food service 
establishments have been conducted to examine factors affecting food safety practices. 
For example, Burch & Sawyer (1991) studied the relationship between food handling 
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knowledge and facility sanitation in convenience stores; Azanza, Gatchalian, and Ortega 
(2000) assessed food safety knowledge and practices of street food vendors; Cakiroglu 
and Ucar (2008) examined food workers’ perception of hygiene in the catering industry; 
and  Ball, et al. (2009)  evaluated factors influencing food workers to comply with food 
safety management in meat plants. However, a search of the literature found few studies 
about food safety practices and factors affecting fish handlers in the fishery industry 
(Amuna, Amuna, Rahman, Nicolaides, & Westby, 2013; EO & Olielo, 2014; Kumar & 
Kumar, 2003; Ramnauth, Driver, & Vial, 2008; Zanin, Cunha, Stedefeldt, & Capriles, 
2004). No studies specifically studied factors affecting fish safety practices in Vietnam. 
Therefore, the literature reviews of factors affecting food safety practices of fish 
distributors must use the food safety studies of other food industries to provide 
frameworks for relating factors and to help identify the sources of the factors affecting 
food safety practice of fish distributors. 
There are many influences on food safety practices such as food safety and hygiene 
knowledge, attitudes, training, and managers. A worker may be affected by different 
factors associated with his/her culture, economic situation, social position, and kind of 
job. Overall, the factors affecting food safety practices may include food safety training, 
food safety knowledge and attitudes, food safety management, attitudes of consumers 
toward food safety, and co-workers, and surrounding working conditions. 
Training and procedures for food safety  
The food safety training of food handlers is critical, since training can provide food 
safety knowledge and food safety handing practices. Studies have pointed out that food 
safety training programs could provide a wealth of knowledge among food service 
handlers in University residences and hospital food services (Waddell & Rinke, 1985; 
Wodi & Mill, 1985) and improve compliance scores for butchers (Vaz, Novo, Sigulem, & 
Morais, 2005). Safe food training may be provided at initial employments, during 
ongoing employee meetings or as intensive training. McElroy & Cutter (2004) reported 
that food handlers who trained in, and passed, food safety instructions, had changed their 
food safety behaviours and complied with some of the learned food safety practices. 
Jenkins-McLean et al (2004)  studied food safety practices with food-service workers and 
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found that appropriate safety training methods taught to workers could reduce chronic 
violations within the food service operation significantly. The training encouraged 
dialogue and problem-solving that could support workers’ ability to respond to workplace 
barriers to using appropriate practice. In a study of factors related to food handler hand 
hygiene practices, Green et al (2007) found that hand washing was more likely to be 
implemented in restaurants whose food workers received food safety training than 
otherwise.  
In addition to training, the development of food safety procedures also contributes 
to enforcing food handlers to comply with food safety practices. Mitchell et al (2007) 
stated that the presence of food safety procedures may indirectly send the message that 
safe food handling is a priority of the management. In a qualitative study about factors 
impacting food workers’ and managements’ safe food preparation practice, Green & 
Selman (2005) also concluded that food safety procedures for restaurants facilitated and 
improved safe food preparation.  
As reviewed above, training and procedure implementation for food safety and 
hygiene are considered to be important factors in food safety practice. Therefore, these 
factors have potential impacts on safe practices of fish distributors in the DSDCs. In the 
present study, training and procedures in food safety and hygiene should be included in 
measuring the factors affecting food safety practices of fish distributors.   
Food safety knowledge and attitude 
In identifying the key issues that influence food safety and hygiene, important 
factors are knowledge and attitude. Meaningful knowledge positively affects attitude 
formation which leads to positive behaviours. Vietnamese regulations require proprietors 
of fish businesses to ensure that fish handlers and supervisors of fish handlers have the 
skills and knowledge they need to handle food safely (MARD, 2009b, 2009c, 2009d, 
2009e). There are many studies that have evaluated food safety knowledge and attitudes 
affecting food safety behaviours in the food services and hospitality industry (Azanza, et 
al., 2000; Ball, et al., 2009; Baş, Ersun, & Kivanc, 2006; EO & Olielo, 2014; 
Haileselassie, Taddele, Adhana, & Kalayou, 2013; Hertzman & Barrash, 2007; Tokuc, 
Ekuklu, Berberoglu, Bilge, & Dedeler, 2009). In all these studies the authors concluded 
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that food safety knowledge of food handlers has been considered to be at the core of food 
safety behaviour. Additionally, all these studies found that food handlers have gaps in 
food safety knowledge, leading to unsafe food handling practices. All these authors 
suggested that there was need for continuous training among food handlers 
In addition to knowledge and training regarding food safety and hygiene,  studies 
have also suggested that there should be greater emphasis on understanding food 
workers’ intuitive beliefs that support the safe food practices acquired, that should 
become habits (Cakiroglu & Ucar, 2008; Morgan, Fischhoff, Bostrom, & Atman, 2002). 
Clayton et al (2002) reported that food workers having greater beliefs of control over 
food safety actions was presumed to affect their level of effort in trying to perform safe 
food handling behaviours. Mitchell et al (2007) stated that safe food handling behaviours 
could be as powerful as interventions that increase sense of self-efficacy in performing 
specific acts with science-based food safety knowledge. Therefore, food safety and 
hygiene knowledge and attitudes that influence food safety behaviours are essential 
requirements of any food handlers. Assessment of food safety knowledge and attitudes 
affecting safe food practices of fish distributors must take into account the specific factors 
contributing to changing practices.   
Concern of managers, co-workers, and consumers about food safety 
In reviewing the factors of safe food handling practices, several researchers 
emphasized that the role of managers, co-workers, and consumers are important to 
promote food safety in the food service environment. Training and enforcement from 
managers are used as primary interventions to ensure safe food implementation in food 
premises. Training provides food handlers with science-based evidence regarding the 
cause of food-borne illness and prescribes behaviour (e.g. temperature control).  
Enforcement from managers promotes and evaluates food handlers’ levels of compliance 
with legal regulation requirements. Green & Selman (2005), concluded that the manager 
could emphasise the importance of food safety and promote it to ensure that staffing of is 
appropriate to meet the demand. Green & Selman (2005) also stated that the managers 
directly affected the workers’ safe food behaviours . Mortlock et al (2000) indicated that 
the managers who view safe food handling practices as important may play a significant 
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role in the extent to which food workers engage in safe food practices. In the research 
concerning food workers’ hand hygiene practices, the authors reported that hand washing 
and glove use were more likely to occur in the restaurant when workers were visible to 
managers (Green, et al., 2007). 
 In addition to manager enforcement, co-workers’ attitudes toward food handling 
practices were also consistently identified by food safety research. Rennie (1995), stated 
that worksite norms and rules that include social interactions and expectations among 
worksite members should be taken into account as factors surrounding the individual. The 
impact of this informal norm on food workers was considered a facilitating factor within 
the model for intervention on safe food handling behaviours (Mitchell, et al., 2007).  In a 
qualitative study, Green & Selman (2005) reported that the co-worker who emphasized 
the impact of safe food preparation practices of food workers on safe food was a potential 
factor affecting food safety attitudes of workers. Ball et al (2009) also found that most 
food workers showed that co-workers had a strong influence on required behaviours. This 
influence from co-workers could be negative or positive. 
Other factors also identified by workers as having a positive influence on safe food 
preparation are consumers (Green & Selman, 2005). Food workers were more likely to 
implement safe food practices when they knew there would be negative consequences 
from consumers if they did not. These findings were also confirmed when Green et al 
(2007) researched and concluded that workers were more likely  to wash hands and use 
gloves if they were visible to customers.   
As identified in the above literature review, managers, co-workers, and consumers 
are critical elements affecting food safety handling practices. These factors may affect 
safe food handling practices of fish distributors within the DSDCs in Vietnam also and as 
such, should be incorporated into the conceptual model of the present study.   
Working environment  
Several studies pointed out that knowledge and perception of food safety and 
hygiene does not always translate into practice. The working environment is also a 
significant factor contributing to food safety practice of food workers.  Subratty et al 
(2004) found that food vendors were quite aware of hygiene conditions; however, they 
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did not translate their knowledge into practice. There appear to be more factors affecting 
safe food practice. Clayton et al (2002) reported that 63% of respondents admitted to 
failing to implement adequate handling practices that they knew were appropriate. The 
research also showed that the barriers to carrying out safe food handling practice were 
due to a lack of resources, time and staff. Rennie (1995), for example, reported that food 
handlers need to be provided with a physical and social environment that supports food 
safety compliance. To make safe food handling practices effective, they should be 
oriented to the work environment as a whole; an adequate working environment, is more 
than just the provision of knowledge (Ehiri, Morris, & Mcwen, 1997; Green, et al., 2007; 
Greig, et al., 2007; Mitchell, et al., 2007; Seaman & Eves, 2006; Todd, et al., 2010).  
An appropriate physical layout of hygiene facilities in work places can support safe 
food handling practices. In studies of factors related to hand hygiene practices among 
food workers, the researchers reported that the availability of an adequate physical 
infrastructure for hand washing was an important factor impacting on adequate hand 
washing by food workers (Allwood, Jenkins, Paulus, Johnson, & Hedberg, 2004; Green, 
et al., 2007). Green & Selman (2005) also concluded that an appropriate structural 
environment, equipment, and resources can contribute to safe food handling practices 
such as hand-washing, preventing cross contamination, glove use and temperature 
control. There is, therefore, an appropriate physical layout necessary for the operation of 
safe food handling.  
In addition to the structural environment, equipment, and resources, it is noted that 
the work process should provide sufficient time for workers to follow the required 
practices. Clayton et al (2002) identified that one of the barriers to carrying out food 
safety behaviours was time constraints. Similarly, in a survey with over 500 New York 
City restaurant workers, food workers reported that their inadequate hygiene practice 
might have harmed the health and safety of customers because of time pressure 
(Kharbanda & Ritchie, 2005 p. 17). Green and Selman (2005) also emphasized that time 
pressure/high volume of business influenced all aspects of safe food handling practice, 
making it difficult for food workers to wash their hands or change their gloves, check 
temperatures, and clean their cutting boards. In a later study, Green et al (2007) indicated 
that worker busyness impacted on hand washing and glove use behaviours. As reviewed 
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above, time pressure or work pace should be an aspect contributing to food safety to be 
considered for food safety practice.  
Regarding the work environment, there are some published studies that discuss the 
importance of job stress and organizational justice in implementing food safety 
regulations. According to Mitchell et al (2007), job stress indirectly affects workers’ 
performance. One of the reasons for job stress is organizational justice: “Organizational 
justice refers to perceptions by employees that they are being treated fairly in terms of 
procedures (i.e. procedural justice) and/or relationships with supervisors (relational 
justice)” (Mitchell, et al., 2007). It is stated that workers who implemented better hygiene 
practices are more satisfied with interpersonal relationships that encompass relations with 
supervisors or co-workers (Jevsnik, Hlebec, & Raspor, 2008). Jevsnik et al (2008) 
conducted a questionnaire survey to determine employees’ work satisfaction, including 
their satisfaction with co-workers, and managers’ relationships and their opinion on work 
motivational factors, and they reported that weakened satisfaction in the work place could 
lead to a reduction in the numbers of  those who perform their work well.  Mitchell et al 
(2007) also stated that job stress or low organizational justice had been related to poorer 
performance and was more likely to result in a variety of negative outcomes. Therefore, 
in this project, to determine factors related to safe food handling practices, job 
satisfaction regarding job stress and organizational justice can be integrated in the 
conceptual model to determine whether or not it affects food safety practices of fish 
distributors.  
As a review of factors relating to work environments, including physical 
environments, time pressure, and job stress or interpersonal relations, these factors are 
considered to contribute to the food safety practices of fish distributors. Therefore, these 
factors should be adopted and arranged in the conceptual model of the present study to 
better understand the situation of the DSDCs in Vietnam. 
Worker characteristics 
Few studies of food safety topics have mentioned worker characteristics that may 
impact on safe food behaviours. Green et al (2007)  reported that unsafe food preparation 
practices, such as inappropriate glove use and not checking temperatures of food, were 
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influenced by workers’ experience and age. Another characteristic which can affect the 
effectiveness of food safety and hygiene training is literacy.  Mitchell et al (2007) 
indicated that this factor needed to be focused on with respect to education interventions 
for food workers. Therefore, it needs to be determined if worker characteristics are 
factors affecting food safety practices of fish distributors 
There seem to be many direct or indirect factors influencing food safety. To assess 
the impact of food safety practices among fish distributors in the DSDCs in Vietnam, 
these factors should be incorporated and arranged in the conceptual model of this study to 
better suit the specific problems and situation of the DSDCs. It is important not only to 
develop a conceptual model of factors affecting safe food practices, but also to test these 
factors within the domestic fish industry setting to determine what factors contribute to 
safe food practices of fish distributors. 
5.2.3  MEASUREMENT OF FOOD SAFETY AND HYGIENE PRACTICES AND FACTORS 
Several researchers have conducted studies to measure the behavioural or socio-
psychological aspects associated with worker adoption of food safe practices by applying 
specific theories and models of behaviour from health and social psychology (Clayton & 
Griffin, 2008; Gomes-Neves, Cardoso, Araujo., & Costa, 2011; Hinsz, Nickell, & Park, 
2007; Nieto-Montenegro, et al., 2006; Pilling et al., 2008; Tokuc, et al., 2009). Some of 
these studies have applied quantitative approaches and designed instruments to enable the 
prediction or explanation of behaviours in the given contexts. Although there are some 
valid and reliable instruments for measuring safe food behaviours and factors in food 
service, the hospitality industry, and the meat industry (Gomes-Neves, et al., 2011; 
Jevsnik, et al., 2008; Tokuc, et al., 2009), a specific instrument to measure food safety in 
the raw fish industry has not been created. In the study of workers’ habits among food 
safety behaviours, Hinsz et al (2007) indicated that creating a general instrument to 
measure food safety behaviours may be difficult for the various jobs. Therefore, a valid 
and reliable instrument of food safety behaviour of fish distributors needs to be created, 
in order to measure safe food practices and factors affecting fish distributors in the 
DSDCs in Vietnam. 
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Developing procedures for food safety and hygiene practices and designing an 
instrument can be conducted in four basic stages: construct development, scale format 
and item writing, pilot test, and scale evaluation.  
Development of constructs is the first stage of instrument development. A construct 
contains a set of factors reflecting facets of safe food practices and relevant factors. 
Construct validity, which is defined as the appropriateness, meaning fullness and 
usefulness of a construct, should be assessed before applying instruments (Gall, Gall, & 
Borg, 2007).  A group of questions can be determined to measure the defined construct 
created by a group of subject matter experts (Ary, Jacobs, & Sorensen, 2006). After 
constructs of instruments have been defined, the development of items and their formats 
is the next stage. Items of a construct should cover its full content. Items of an instrument 
can be borrowed from pre-existing instruments or developed from qualitative inquiry 
(Hinkin, 1995).  
Following the development of items, the format of items should also be determined. 
In social science research, the format of scales with equally weighted items is the most 
popular instrument. The scales with equally weighted items may comprise three common 
types: agreement, evaluation, and frequency (Spector, 1992).  
The agreement type is used to ask respondents about their agreement or 
disagreement with each item of the instruments. The evaluation type is formed by asking 
respondents to determine the rating level of each item. Frequency type is applied to ask 
respondents the frequency of the occurrence of each item. In the research about food 
safety practices, the frequency type is used popularly to ask about the frequency of food 
safety actions such as hand washing, and checking temperature (Annor & Baiden, 2011; 
Ansari-lari, Soodbacksh, & Lakzadeh, 2010; Baş, et al., 2006; Gomes-Neves, et al., 2011; 
Jevsnik, et al., 2008; Tokuc, et al., 2009).  
The agreement response type is widely applied in food safety survey tools in 
assessing satisfaction with work and attitudes to food safety. The format includes from 
three to five response choices such as (strongly agree, agree, neutral, disagree, and 
strongly disagree) (Annor & Baiden, 2011; Ansari-lari, et al., 2010; Baş, et al., 2006; 
Gomes-Neves, et al., 2011; Jevsnik, et al., 2008; Tokuc, et al., 2009). Jevsnik (2008) also 
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used the agreement respondent type to measure employees’ work satisfaction with co-
workers, management, and work motivational factors. In addition to determining food 
safety practice and attitudes, most of the studies about food safety knowledge used 
multiple choice answers to obtain information about food handler knowledge (Baş, et al., 
2006; Gomes-Neves, et al., 2011; Jevsnik, et al., 2008; Walker, Pritchard, & Forsythe, 
2003).  
The agreement type and frequency type scale are helpful when comparing one 
group to another using statistical analysis (Desselle, 2005). At the next stage, to ensure 
that the items are clear and understandable, the items of the instrument should be tested. 
Instrument reliability is assessed by obtaining the coefficient alpha. Reliability of 
instruments is defined as the extent to which another researcher will arrive at stable 
outcomes by using the same instrument and under the same conditions (Gall, et al., 
2007). The instrument can be assessed by pilot testing to determine the internal 
consistency of items, which indicates how well the correlation between items reflects the 
strong links between the items and the construct (DeVellis, 2012). Internal consistency 
reliability can be measured by a number of statistics available; however, the Cronbach’s 
coefficient alpha is the most popular (Ary, et al., 2006; DeVellis, 2012). A high level 
Cronbach’s coefficient alpha indicates that an instrument is highly reliable. DeVellis 
(2012) mentioned that an instrument with a Cronbach’s alpha index of 0.65 should be the 
minimally acceptable value. Gall et al (2007) indicated that at least 30 respondents 
should be considered in a correlation study. There are several ways to select a sample for 
any kind of research.  
In addition to validity, reliability and the appropriate scale, the instructions for 
respondents to administer instruments also need to be clear. The order of items should 
flow in a way that does not confuse the respondent (Ary, et al., 2006). Another 
consideration when developing a survey instrument such as this for the fish market is that 
the words used in the instrument should reflect the language of workers’ social life and 
fish worker characteristics.    
In conclusion, to measure food safety practices and factors, the development of a 
survey instrument is an important step and multistage process. After an instrument has 
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been formed, its validity and reliability stages need to be tested adequately to ensure that 
it is sound and reliable and valid for the target participant group.     
5.3  CONCEPTUAL MODEL 
In summary, existing literature clearly indicates that food safety and hygiene 
practices of food handlers are affected significantly by many factors. It is therefore 
proposed that food safety and hygiene practices of fish distributors in the DSDCs in 
Vietnam must also be influenced by some of these factors.  
Based on the review of food safety practice and factors affecting food safety and 
hygiene practices, six inter-correlated factors of food safety and hygiene practices were 
hypothesized, including worker characteristics, training and procedures in food safety and 
hygiene, knowledge of food safety and hygiene, attitudes to food safety and hygiene, 
concern of managers, co-workers, and consumers about food safety, and working 
environment in this study.  
Based on the above information, the conceptual framework shown in Figure 5-1 
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Figure 5-1: Conceptual model of this study 
 
Training and procedure manuals of food 
safety and hygiene  
Training in food safety and hygiene 
Procedure manuals of food safety and hygiene 
 
Worker characteristics  
Job position 
Worker type 
Diagnosed fish-borne illness 
Income level 
 




Duration of employment 
Food safety and hygiene 
practices 
 
- Personal hygiene 
- Cleaning contact surfaces  
- Time and temperature 
control 
Knowledge of food safety and hygiene 
Knowledge of microbiologic hazard 
development 
Identifying fish contamination and fish borne-
illness 
Temperature regarding food safety 
Personal hygiene and worker’s health 
 
Attitude to food safety and hygiene 
Attitude to food safety and hygiene 
Attitude to risks of fish-borne illness  
 
Concern of managers/authorities, consumers, 
co-workers about food safety 
Managers/authorities concerning food safety 
Consumers concerning food safety 
Co-workers concerning food safety 
 
Working conditions and job 
Satisfaction with working conditions 
Satisfaction with job 
 
 140 Chapter 5: The association between factors which affect food safety practices 
5.4 RESEARCH PLAN AND METHODOLOGY 
5.4.1  RESEARCH DESIGN 
A mixed method design was used in this study. Both qualitative and quantitative 
approaches were used in the pilot phase of this research. Then in the main survey, a 
quantitative approach was applied. Qualitative techniques included in-depth interviews 
with fish handlers, retailers, and owners or traders of the DSDCs, food safety experts, and 
government authorities. The focus group discussion among fish handlers, retailers, and 
owners or traders was applicable to explore possible dimensions of food safety practice 
and factors affecting food safety practice compliance. 
Qualitative approach: in-depth interviews and focus groups 
No existing instrument covers all the aspects and context of both individual and 
contextual factors that influence safe food handling behaviours of fish distributors in the 
domestic seafood distribution chain in Vietnam. Therefore, this section was designed to 
develop an instrument for the purpose of this study. Furthermore, there may be 
instrument that needs to be adjusted to be appropriate organizationally, individually and 
linguistically in the seafood distribution chain.  
Quantitative approach 
A quantitative cross-sectional survey was administered via direct face-to-face 
interviews using a structured questionnaire. A pilot survey was conducted to check the 
consistency of the scale before fully administering the main survey. 
5.4.2  RESEARCH PLAN  
The research was conducted through three phases as presented in Figure 5-2 and 
discussed in detail as follows: 
Phase 1: Comprehensive narrative review 
This phase was undertaken to determine the gap in knowledge that prior research 
has not addressed in Vietnam. This phase also helped to conceptualise the proposed 
research questions and hypotheses; to identify the potentially important variables, which 
helped the researcher develop a comprehensive research protocol and instruments; and to 
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develop guidelines for the qualitative research and a draft questionnaire for the 
quantitative research. 
Figure 5-2: Diagram of the research plan 
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explore how to use terminology/words in the survey questionnaire that are appropriate for 
fish distributors in Vietnam. 
This phase was also conducted to create a reliable and valid instrument to measure 
food safety practices and factors. The construct validity of the instrument was assessed by 
using a subject matter expert review process. Instrument reliability was achieved by 
conducting a pilot test study of defined instruments 
Phase 3: Main survey implementation  
The main survey was conducted in 6 fishing ports and 9 fish markets, and 32 
trading establishments in Khanh Hoa province, Baria Vung Tau province, and Ben Tre 
province. 
5.4.3  METHODOLOGY  
5.4.3.1. Qualitative research 
This project obtained ethics approval from the University Human Research Ethics 
Committee of Queensland University of Technology (Ethics Number: 1200000541). 
In-depth interviews were conducted with 11 participants (see Appendix 5-2 in 
detail) who were directly related to matters of food safety and the hygiene of raw fish in 
the DSDCs. The in-depth interviews used guidelines for in-depth interviews (see 
Appendix 5-1). 
Four focus group discussions were held with 30 people using Focus Group 
Interview Scripts (see Appendix 5-3), including fish handlers, retailers, and owners or 
traders working at fishing ports and fish markets in Khanh Hoa province. 
Participants 
Participants were from Khanh Hoa province and Ba Ria-Vung Tau provinces. They 
all met two criteria for participating in the in-depth interviews or focus group discussions, 
including (1) have been working in fish distribution chains or food safety management of 
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Recruitment and research Sites 
A purposive sample of participants who were officers and managers was obtained 
to provide a mix of seafood safety management personnel in the distribution chains. All 
other participants were recruited through a snowball sampling technique. Participants 
were provided with information sheets and consent forms. They were requested to sign a 
consent form when agreeing to participate in the study. In-depth interviews and focus 
group discussions were conducted in the officers’ rooms, in workers’ working places, and 
in a meeting room of Nha Trang University at different times. Most interviews lasted 
from 30 minutes to one hour. The focus groups lasted approximately two hours.  
Data Recording and management  
 At the start of the in-depth interviews and focus group discussions, the interviewer 
asked participants for permission for voice recording. If they agreed, interviews and 
discussions were recorded on a voice recorder; if they disagreed, both the interviewer and 
research assistants took notes. Four managers and officers refused voice recordings and 
required the taking of notes. All other interviews and discussions were audio recorded. 
Note and voice recording files were transcribed, double-checked and analysed manually, 
since the transcripts were not long. The content of the transcripts were analysed using 
coding methods guided by Auerbach & Silverstein (2003). 
5.4.3.2. Questionnaire design  
The questionnaire design was conducted through 4 steps and showed detail as 
follows: 
Step 1: Draft questionnaire development  
The constructs or draft questionnaires were defined based on the literature review 
and the qualitative study that identified six themes as factors influencing workers to 
implement food safety practice. They included: food safety training and procedure 
manual; food safety knowledge; food safety attitudes; concern of managers/authorities, 
consumers about food safety, and co-workers; satisfaction with working environments 
and job; and worker characteristics. To measure food safety practices, food safety 
knowledge, food safety attitudes and satisfaction with working environment and job, the 
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questionnaire formats were adopted from several published questionnaires (Annor & 
Baiden, 2011; Ansari-lari, et al., 2010; Baş, et al., 2006; Baş, et al., 2007; Gomes-Neves, 
et al., 2011; Jevsnik, et al., 2008; Omemu & Aderoju, 2008; Sun, Wang, & Huang, 2012; 
Tokuc, et al., 2009; Walker, et al., 2003) and rearranged to better suit the specific 
problems and situation in the seafood domestic distribution chain.  
Step 2: Assess the construct validity 
The construct validity of the instrument was analysed by a subject matter expert 
review; this method has been recommended by Ary et al. (2006) in order to assess 
construct validity. The subject matter experts included two PhD level food safety experts 
from Nha Trang University, a legal food safety expert, and two fish traders. (see 
Appendix 5-4). After that, the instrument was revised and finalised and then tested on 5 
fish handlers and retailers.  
Step 3: Pilot survey to assess instrument reliability  
The pilot study was used to assess the clarity of the questions, candidate 
instructions, layout and time requirements. It was important that the time required for 
completing the questionnaire was not perceived by the seafood business managers as 
disruptive to the normal work pattern. The questionnaires were used to interviews 62 fish 
distributors (12 middlemen traders, 20 fish handlers, and 30 retailers). The questionnaires 
were distributed at fishing ports, retail markets, and fish trading establishments in Ba Ria 
- Vung Tau province and Nha Trang province. Fish distributors were randomly selected 
on each day of data collection. Fish distributors at their working places were approached 
and ask for interviews. The participation in interviews was voluntary.  The survey was 
conducted by face to face interviews using the questionnaire. The survey was confidential 
and the answers could not be tracked back to any respondent.  
Step 4: Finalisation of the questionnaire  
The final version of the questionnaire was based on results from the pilot survey. 
The results were analysed using Cronbach’s alpha. Cronbach’s alpha was analysed using 
SPSS version 21.0. Following analysis of the pilot survey, it was found that the draft 
questionnaire worked well and only small changes were made. 
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The questionnaire was originally developed in English and then translated into 
Vietnamese, applying a translation-back-translation technique. Firstly the questionnaire 
was translated into Vietnamese by the reseacher. Back-translation was then undertaken 
by another bilingual Vietnamese person with post-graduate qualifications in science. An 
independent English native-speaking expert based in Australia reviewed both English 
versions to confirm their equivalence. Slight revisions were made based on the comments 
from the reviewer. 
5.4.3.3. Quantitative research (main survey) 
Data were collected from May to June, 2013 at fishing ports, fish trading 
establishments, and fish markets within Khanh Hoa province, Ba Ria – Vung Tau 
province, and Ben Tre provinces. Fish distributors were randomly selected on each day of 
data collection. Fish distributors at their working places were approached and asked for 
interviews. The participation in interviews was voluntary. 180 participants, including 30 
middlemen traders, 60 fish handlers, and 70 retailers, were interviewed using in-person 
oral interview and visual aids for answers.  
5.4.4  COMPLETING THE QUESTIONNAIRE BY INTERVIEWS 
The questionnaires were administered using face to face interview. Four 
undergraduate (Year 5) food safety majors from Nha Trang University who had been 
trained by the researcher assisted with this session. They also conducted interviews.   
Before starting the interview, the theme and purpose of the survey was introduced 
to acquaint the respondents with the issue being investigated. The researcher assured 
interviewees that the information collected would only be used in the aggregate, and that 
none of their names or companies would be reported in any study or report. After 
obtaining consent, the interviewer read each question and possible answers to the 
respondent and showed printed possible answers in big font letters. If the respondent did 
not understand the questions or possible answers, the interviewer explained them in 
everyday words, and then the interviewer recorded their answers on an answer sheet. The 
open-ended questions were asked in such a manner as to encourage answers to emerge 
from the respondents themselves. 
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 Data analysis 
All variables, along with the measuring instruments, used coding method.  Analysis 
of the main data was conducted as follows: Continuous variables were described using 
mean and standard deviation, while categorical variables were depicted using 
percentages. Identification of potential associations between food safety practices and 
other variables was made using correlation analysis, with Pearson’s r for continuous 
factor (such as food safety attitude, satisfaction of working environment and job), Point-
bi-serial correlation coefficients were used for dichotomous factors (such as gender), and 
a Spearman correlation was used for categorical variables with more than two levels 
(such as food safety knowledge and “work as”), respectively.   
5.5  RESULTS  
5.5.1  RESULTS OF QUALITATIVE RESEARCH 
The six main themes which emerged from the interview and focus group data were 
worker characteristic; food safety training and procedure manual; food safety knowledge; 
food safety attitude, attitudes of  management, co-workers, and consumers toward food 
safety; satisfaction with working conditions and job. Several sub-themes also emerged 
from the data. 
The primary factors in affecting worker food safety practices emerged as ‘concern 
of managers and consumers about food safety’. ‘Food safety knowledge’ as well as ‘food 
safety attitudes’ were emphasized as important factors in food safety practices of food 
handlers by participants of interviews and focus groups. ‘Training or procedure manuals’ 
and ‘working conditions’ were also determined as important factors in food safety 
practices of food handlers. Finally, the factors relating to ‘job satisfaction’ and food 
safety effects from co-workers were mentioned as the last factors affecting food safety 
practices of food handlers by participants of interviews and focus groups. Overall, the 
data from the qualitative study indicated that safe food practice of fish distributors could 
be affected through and by several factors, including handlers themselves, and various 
themes and sub-themes. A summary of the main themes and sub-themes is presented in 
the Table 5-1.  
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Table 5-1: Summary of the main themes and sub-themes 
Main themes Sub-themes Additional themes 
Worker characteristic   Education, time on job 
Experience of fish-borne 
illness, and income 
 
Training and procedure 
manual of food safety and 
hygiene 
Importance of role of 




Reinforcement of training  Initial training of employees 
and on-going training needs 
Importance of procedure 
manuals of food safety and 
hygiene 
 
Knowledge of food safety 
and hygiene  
Understanding about fish 
borne illness 
Fish contamination 
Understanding hazards Understand microbiological 
hazards 
Understanding hygiene  Personal hygiene, worker 
health 
Attitudes toward food 
safety and hygiene  
Importance of role of food 
safety practices 
 
 Attitude to risk from 
practices 
Personal hygiene, time and 
temperature control, fish 
contamination 
Concern of managers and 
authorities about food 
safety  
Encourage food workers in 
food safety practices 
To communicate – support 
for the food safety practice 
Pay attention to food safety 
practice from managers 
The need for disciplinary 
actions  
Monitoring and 
enforcement of rules  
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Inspection from authorities Inspections working places 
Concern of consumers 
about food safety 
Concern about food safety Buying safe food 
 Return product because of 
unsafe foods 
 
Concern of co-workers 
about food safety 
Influence that makes a 
difference 
 
Working condition and job 
 
Offering appropriate 
facilities and equipment 
 
Cleanliness of physical 
environment 
 
Job stress Job character 
Organizational justice procedural justice and/or 
relationship with 
supervisors/ authorities 
Work pace High volume of business, 
inadequate staffing 
 
Worker characteristics  
Worker characteristics were identified as factors for food safety practices by 
participants. Some participants indicated that level of education could affect food safety 
knowledge.  
“Good education can help the fish handlers to understand and aware of food 
safety matters quickly” (IDI_NTU_1). 
Some participants claimed that duration of job could give the fish distributors more 
knowledge and experiences relating to food safety practices. 
“If fish handlers have long time working as fish handling, they will have 
experiences to keep fish fresh for long time with enough amount of ice” 
(IDI_BRVT_Ma_1). 
Training and procedure manuals of food safety and hygiene  
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This aspect was one of the most common factors that emerged from participants as 
affecting the effective implementation of food safe behaviours. It was mentioned, along 
with food safety knowledge, in all focus groups and in-depth interviews. Most of the 
participants reported that they had never attended any food safety training courses or read 
food safety procedure manuals; therefore, they had no idea about implementing food 
safety practices.  
“I learned this job from my family; I do not know any food safety training course, 
so the implementing of food safety practice is difficult” (PGR_KH_3,7). 
“I sometimes see a poster about food safety, but it is not related my job” 
(PCR_KH_4,1). 
Effective food safety training can lead to enhancing the skills and knowledge of 
workers and presumably to the improvement of relevant workers’ behaviours. 
Participants mentioned that training or introducing a food safety procedure manual for 
“understanding” the reason for specific practices is a critical aspect for fish distributors in 
following required food safety practices. 
“I think the most important for improving food safety level among fish 
distributors is to clearly understand food safety. Training is a good way to do it” 
(PCR_KH_4,6). 
Another participant indicated that “The food safety procedure is necessary to guide and 
told fish distributors exactly what to do” (IDI_BRVT_2). 
Knowledge of food safety and hygiene 
Most participants stated that lack of food safety knowledge was an issue leading to 
high non-compliance with the required food safety practices. Food safety knowledge 
includes knowledge of microbiological hazards, personal hygiene, and fish borne-illness.  
“Since fish distributors do not know that germ can cause people illness through 
fish, (even cooked fish), they always think that your fish product is always safe, 
so they do not care about safe food practices” (IDI_NTU_1). 
Most participants said that they do not have any food safety knowledge about raw 
fish; therefore, they do not know anything about how to implement food safety practices. 
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“I do not know anything about food safety knowledge or regulations, so how can 
I do with food safety practices” (FCR_KH_3,1) 
Some participants stated that microbiological contamination could not cause fish 
borne-illness.  
“Fish is cooked before eating, so all germs would be killed, so germ from soil or 
waste water in fish would be killed” (IDI_BRVT_Re_2). 
Attitudes to food safety and hygiene   
Attitudes regarding the food safety of raw fish were considered as important factors 
in food safety practices by participants. Some participants expressed that their non-
compliance was because they did not think that microbiological safety was important.  
“Food safety of germs is not important for raw fish because consumers cook well 
for eating. No germ can live in boiled water. Food safety practices are only 
importance for restaurants and ready to eat food”. (IDI_BRVT_Re_2). 
Some participants recognized that risks of contamination can come from diseases, 
people and dirty contact surfaces; however, they thought these factors may be important 
when people are eating raw fish, not cooked fish. 
“Disease food handlers or dirty ground can transfer germs to fish. It may be 
serious for people with raw fish eating habits, but it are not serious for people 
eating cooked fish” (IDI_BRVT_HA_2). 
Concern of managers and authorities about food safety 
Managers’ commitment to food safety was identified by all focus groups as the 
critical factor affecting workers’ compliance with food safety practices. This factor was 
also determined during several in-depth interviews. There are two main ways for 
managers to show their commitment to food safety. These include encouraging of food 
safety among fish handlers or fish retailers, and paying attention to safe food handling 
practices.  
“In my opinion, manager must talk or communicate about food safety to fish 
handlers. They also pay more attention about implementing safe food handling” 
(FGR_KH_Tra_1,4) 
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Some participants said that they never received any encouragement or checking of 
food safety practices from managers or authorities, thus they thought that food safety for 
their products was not necessary.  
“I never see any managers or authorities talking about food safety for raw fish, so 
I think it is not importance to keep clean for my fish” (IDI_BRVT_Ma_1) 
Some participants mentioned that frequent checking for food safety compliance by 
authorities is necessary to promote safe food handling practices. They also said that 
enforcements from authorities were ineffective and weak, in the current situation.  
“The appearance of food safety authorities will make managers and fish 
distributors try to implement food safety practice”(FGR_KH_Re_3,5). 
“The local authorities seem to have no enforcements to implement seafood safety 
in domestic markets” (IDI_NTU_1). 
They also reported that authorities applying heavy fines for non-compliance was 
one approach to improving food safety practices. 
“Heavy fines for people who do not implemented food safety, the food safety 
practices will be good” (PCR_KH_3,4). 
The participants, who are authorities and experts, commented that the regulations 
for seafood safety needed to be more detailed and realistic and the roles of each 
government agent for food safety needed to be more clearly stated. 
“The regulations need more detail about pest control, personal hygiene, and waste 
water management” (IDI_KH_2,3). 
“In the some aspects, the responsibilities for each departments of government 
may be not clear” (IDI_NTU_1).  
The managers said that the regulations for seafood safety might be too “petty” and 
that they seem to be not realistic in current situation. 
“The requirement of regulations is hard to implement because of the too detail 
and expensiveness” (IDI_BRVT_1)  
Concern of consumers about food safety  
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Participants consistently discussed consumers as a key component driving fish 
traders and fish retailers to comply with food safety regulations. They explained that 
when consumers refused unsafe fish products or refused to buy from non-food safety 
certificated shops, it would make fish traders and retailers more aware of food safety.  
“If consumers do not buy fish from non-food safety certificated traders, traders 
will be concerned about it and they will think about safe food guidelines” 
(IDI_BRVT_AU_F). 
Concern of co-workers about food safety 
Participants pointed out that co-workers influenced their practices indirectly; 
however, they would copy and follow the practices of their co-workers if their co-
workers’ practices could save time and money without affecting their consumers or their 
managers. 
“I do not affect much by the ways of my co-workers doing, but if my co-workers 
can make benefits from their ways, I should considering and may be copy it” 
(PCR_KH_3,3) 
Working conditions 
This aspect of infrastructures and facilities emerged as a factor directly influencing 
food safety practices. Participants always commented that the lack of appropriate 
facilities for hygiene, the inadequate physical structure of the water supply, and the state 
of cleanliness in the working place affected their safe food behaviours. 
“I am not satisfied with my working place that is too small, lack of a washing 
station and water. It is hard for me to wash my containers and my hands” 
(FCR_KH_2,5) 
The most common way participants identified issues was by saying that the dirty 
surroundings make it difficult to keep their hands and their fish clean. 
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Several participants indicated that it was the pressure of time needed for the loading the 
fish that caused them to have insufficient time for washing hands or cleaning tools. 
“In the busy time for loading fish from ship, we all have to load fish as quickly as 
possible. We do not have to clean the places that fish were put or wash hands” 
(IDI-BRVT_Ha_2). 
Participants also mentioned pressure from managers or consumers, who urged them to 
finish their job.  
“Managers do not care about food safety, they only ask us try our best to 
complete the job as soon as possible” (FCR-KH_2,1)  
Job satisfaction    
Participants often indicated that the worker as fish sellers did not has motivation for food 
safety that this influences food safety behaviour negatively  
 “Selling a fish has always bad smell and makes dirty clothes, so wearing clean 
clothes for working is nonsensical” (IDI_BRVT_Re,1). 
Participants also frequently said that the nature of their work made personal hygiene 
unimportant. 
“No one sees a fish seller as clean or not clean” 
Several participants mentioned that their satisfaction with their job may be affected by 
their relationship with managers. Good relationships can make their job easier. 
“It does not matter how I work well or tidily, if I have good relation with the 
manager of the markets, I will have a good place for selling fish” 
(IDI_BRVT_Re_2). 
The results of the qualitative research have explored the dimensions of food safety 
practices and factors affecting food safety practices among fish distributors. These results 
were used to develop a questionnaire for the next quantitative study. Furthermore, 
Suggestions for the conducting of the questionnaire were: 
Make questions more practical with real situations and conditions  of  fish 
distributors, such as Q4, Q5, Q6 – Part II; Q1-Q8 in Part V; Q1, Q2 in Part VI; Q8, 
andQ9 in Part VII. 
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Make clear questions to help participants to better understand questions about food 
safety hygiene knowledge and food safety and hygiene practices, such as (Q1, Q2, Q3, 
Q4, Q7,  in part III) and (Q12, Q13, Q14, Q15, Q16 in part VI). 
Add more detailed options and practical answers in questions in part III – food 
safety and hygiene knowledge, such as Q1, Q2, Q4, Q5, Q6 – Part III 
Make additional questions for traders in the last part of the questionnaire. 
The results of the qualitative analysis and comments by participants from in-depth 
interviews and focus groups were taken into account to ensure the cultural 
appropriateness, and clarity of content and wording used in the questionnaire. 
5.5.2  DEVELOPMENT OF THE MAIN QUESTIONNAIRE 
The questionnaire consisted of seven parts and is summarized in Table 5-2. The 
completed questionnaire is in Appendix 5-5.  
Part one in the questionnaire was a set of 8 demographic questions based on the 
qualitative study. The questions solicited responses on age, gender, education level, type 
of settlement, number of years in the seafood business. There were also questions about 
whether the supplier had experienced a fish-borne illness and about income from the 
current job. 
Part two of the questionnaire was designed to explore training and procedure 
manuals of food safety and hygiene that affect fish distributors regarding food safety and 
hygiene practices. The development of this part was based on the qualitative study. 
Part three of the questionnaire, named “Knowledge”, was divided into four 
sections, including knowledge of microbiologic hazard development, identifying fish 
contamination and fish borne illness, temperature knowledge for food safety, and 
personal hygiene and health. The thirteen questions were all multiple choice questions 
with five possible answers, including “Do not know” for the purpose of minimizing the 
possibility of selecting the correct answer by chance. The food safety knowledge score 
was determined by adding all the correct answers together (one correct answer = 2, 
incorrect answer or do not know = 1). The total score of twenty-six was the highest score, 
where thirteen would be the lowest score. The scores of each section were classified as no 
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knowledge (no correct answer), low knowledge (one correct answer), moderate 
knowledge (two correct answers), and good knowledge (three or four correct answers). 
The development of this part was adopted from several published questionnaires (Annor 
& Baiden, 2011; Ansari-lari, et al., 2010; Baş, et al., 2006; Baş, et al., 2007; Gomes-
Neves, et al., 2011; Jevsnik, et al., 2008; Omemu & Aderoju, 2008; Sun, et al., 2012; 
Tokuc, et al., 2009; Walker, et al., 2003) and based on the qualitative study.  
Part four of the questionnaire “Attitude toward seafood safety and hygiene” was 
designed to determine fish distributors’ opinions of seafood safety. This part was divided 
into four main sections, including attitude to fish safety in job responsibility and training, 
risk of fish borne illness from personal hygiene and worker’s health, risk of fish borne 
illness from poor control of time and temperature, and risks of fish borne illness from 
unclean contact surfaces and containers and tools.  Responses to the ten questions were 
made using a likert-scale of one to five, from 1 = strongly disagree to 5 = strongly agree. 
Numeric responses to these questions were added to yield a range of possible scores from 
the lowest of 10, to the highest score of 50. The development of this part is adapted from 
several published questionnaires (Annor & Baiden, 2011; Ansari-lari, et al., 2010; Baş, et 
al., 2006; Baş, et al., 2007; Gomes-Neves, et al., 2011; Jevsnik, et al., 2008; Omemu & 
Aderoju, 2008; Sun, et al., 2012; Tokuc, et al., 2009; Walker, et al., 2003) and the 
qualitative studies. 
Part five of the questionnaire was “concern of managers, co-workers and consumers 
about food safety and hygiene”. These questions used a Likert scale ranging from one to 
five, with 1 = never and 5 = always. The development of this part was based on the 
qualitative study. 
Part six mentions satisfaction with working conditions and jobs including 
appropriate physical environment; cleanliness and sanitization of structural environments; 
time pressure; and satisfaction with job in terms of job character and organizational 
matters.  Responses to the six questions were recorded using a Likert- scale of one to 
five, from 1 = strongly satisfied to 5 = strongly not satisfied. The development of this part 
was based on the qualitative study. 
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Table 5-2: Structure of questionnaire 




Demographic characteristics and worker 
characteristics 
8 Part I 
Worker characteristic (education, work type, 
duration of job, experience of fish-borne illness) 
4 Q. 3, 5, 6,7 
Demographic characteristics 4 Q. 1,2,4,8 
Training and procedure manuals 6 Part II 
Instructions at initial employment 1 Q.1 
Training in food safety and hygiene 2 Q.2.3 
Exposure to food safety regulations and procedure 
manuals for food safety and hygiene 
5 Q. 4,5,6 
Knowledge of food safety and hygiene  13 Part III 
Knowledge of microbiologic hazards development 3 Q.2,3,8 
Identifying fish contamination and fish-borne illness 4 Q. 1, 6 and 
Q.10,11 
Temperature knowledge for food safety  3 Q.4, 7, 9 
Personal hygiene and health 3 Q.5,12,13 
Attitude to risks and control  10 Part IV 
Attitude to fish safety in job responsibility and 
training 
3 Q.1,2,3 
Risk of fish borne illness from personal hygiene and 
workers’ health  
3 Q. 4,9,10 
Risk of fish borne illness from poor control of time 
and temperature and from contact surfaces 
2 Q.5,6 
Risk of fish borne illness from unclean contact 
surfaces and containers and tools 
2 Q.7,8 
Concern of managers, co-workers, and consumers 
about food safety 
8 Part V 
Management or authorities concerning food safety 5 Q. 1,2,3,4,5 
Co-worker’s concern for food safety 1 Q. 6 
Consumers concerns for food safety 2 Q. 7,8 
Working conditions and job 6 Part VI 
Working conditions satisfaction 2 Q. 1,2 
Work pace 2 Q. 3,4 
Job satisfaction 2 Q.5,6 
Food safety and hygiene practices   18 Part VII 
Personal hygiene (avoiding working while sick) and 
Hand washing and glove use, eating 
11 Q.16,17,18 and 
Q.1,2,3,4,5,6,7 
and Q. 8  
Cleaning contact surfaces  5 Q.9,12,13,14,15 
Controlling time and temperature 2 Q.10,11 
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The last part of the questionnaires was designated “practice” in order to assess 
respondents’ habits. The eighteen questions covered a wide range over three sections, 
including personal hygiene practice, cleaning contact surfaces, and time and temperature 
control. These questions used a Likert scale ranging from one to five, with 1 = never and 
5 = always. However, five of the items, (questions 8, 9, 16, 17, and 18) are reverse scored 
to ensure respondent attentiveness (5 = never and 1 = always). Numeric responses were 
added to produce a score ranging from eighteen (poor food safety and sanitation 
practices) to ninety (proper food safety and sanitation practices). The development of this 
part was adopted from several published questionnaires (Annor & Baiden, 2011; Ansari-
lari, et al., 2010; Baş, et al., 2006; Baş, et al., 2007; Gomes-Neves, et al., 2011; Jevsnik, 
et al., 2008; Omemu & Aderoju, 2008; Sun, et al., 2012; Tokuc, et al., 2009; Walker, et 
al., 2003), and based on qualitative study and Vietnamese regulations. 
The last part consisted of open questions. This section was used in semi-structured 
interviews of middlemen traders and was conducted in order to investigate the barriers 
and challenges to implementing the regulations. The questions also asked for the factors 
motivating distributor compliance with government regulations. The last question of this 
section asked how the government should support businesses in improving food safety 
compliance.  
5.5.3 RESULTS OF QUANTITATIVE PILOT STUDY 
As shown in Table 5-3, most scales used in the pilot study were found to have fair 
to good internal consistency in terms of Cronbach’s alpha (0.60 or higher) (Hair, 2006, 
pp, 102, 137). 
The factor of food safety attitude was the most reliable section with the highest 
internal consistency coefficient of 0.86, while the food safety practices had the lowest 
(but acceptable) internal consistency (Alpha = 0.69). The job satisfaction showed good 
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Table 5-3: Internal consistency for multi-item scales in the pilot study 






Working conditions and job 5 62 0.82 
Attitude to risks and control 9 62 0.86 
Food safety and hygiene practice  18 62 0.69 
 
5.5.4  RESULTS OF QUANTITATIVE RESEARCH 
Measurement scale and coding of variable 
All variables, along with their measurement scales and coding methods, are 
outlined in the Appendix 5-6. Some variables were re-coded due to the small numbers in 
categories. A few new variables were created based on the original data. Continuous 
variables were described using mean and standard deviation, while categorical variables 
were depicted using percentages. 
Part I - Characteristics of workers 
The principal characteristics of the fish distributors are presented in Table 5-4.. 
Table 5-4: Characteristics of participants 
Characteristics n (%) 
Male (male; female)  Male = 33.3; Female = 66.7 
Age (year) <18 (2.2); 18-40 (63.3); 41-60 (31.7); >60(2.8) 
Working in the seafood industry (years) (< 1 (8.9); 2- 10 (48.9); > 10 (42.2) 
Worker type (permanent; casual) Permanent (95.6); casual (3.3) 
Education years (none; primary; high 
school; college) 
High school (30.6); secondary school (68.9); 
primary school (0.6)  
Had a diagnosed fish-borne illness 98.3% (no); 1.7% (yes) 
Income 0.6% (low/very low); 83.3% (Moderate); 16.1% 
(high/very high) 
 
It can be seen that 33.3% of fish distributors were male. The range of ages of fish 
distributors was 18 – 40 (65.5%). Fish distributors’ average number of years working in 
the seafood industry was 6.5 (range 4 -7), and 68.9% of them had attained a secondary 
school education level. Of the 180 participants taking part in the research, 172 (95.6 %) 
classified themselves as permanent workers. Only 3 participants (1.7%) had experience of 
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diagnosed fish borne-illness. Personal incomes of 83.3% participants were moderate 
compared to the average wage for Vietnamese workers as found by Nguyen, Tong, Le, 
Nguyen, and Sheehan (2005). 
Part II - Training and procedure manuals for food safety and hygiene  
In total, 180 fish distributors were interviewed, and 97.2% had training for the job 
at the introduction to the job (Table 5-5). It can be seen 100% of them had not had any 
training regarding food safety and hygiene, even informal training or induction. 
Furthermore, 91.7% of respondents revealed that they did not know about any hygiene 
and safety regulations for the fish distributors and 92.2% of participants reported that 
they did not know of any food safety procedure manual.  
Regarding the regulations concerning health and hygiene for food employees in 
Table 5-5, 95% of respondents claimed that they did not know of any requirement for 
these from the government. Only 5.0% of participants revealed that they knew a little bit 
about these regulations.  
 
Table 5-5: Percentages of answers regarding training and procedure manual of food 
safety 
Question  
Training for job Introduction to job (97.2%); intensity 
training (2.8%) 
Have you taken or are you currently taking 
any training (/informal/formal/induction) 
in food hygiene and safety? (Yes; No) 
Yes (0%); No (100%) 









Do you know of any food safety procedure 
manuals? 
92.2 7.8   
Do you know any regulations of food 
safety and hygiene regarding your 
products? 
91.7 8.3   
Do you know any regulations of employee 
health and hygiene for food employees?  
95.0 5.0   
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Part III - Knowledge of food safety and hygiene 
The food safety and hygiene knowledge of fish distributors is presented in Table 5-
6. The knowledge was evaluated in terms of knowledge about microbiologic hazard 
development, identifying fish contamination and fish-borne illness, temperature regarding 
food safety, and personal hygiene and workers’ health. Overall, the food safety and 
hygiene knowledge of fish distributors was poor (Table 5-6). A majority of participants 
had no knowledge or low knowledge of food safety. The proportion of participants with a 
low knowledge of microbiological hazards was 41%, however, the portion of participants 
with good knowledge was just 3.3% (6 participants). No respondent had good knowledge 
in ‘knowledge of fish contamination and fish borne-illness’. Only 1.1% of respondents 
determined that they had moderate knowledge in this area. On the other hand, 66.1% of 
respondents had no knowledge of fish contamination and fish borne-illness. 
With regard to knowledge of temperature regarding food safety, 1.1% of 
participants had good knowledge; however, the biggest proportion of participants fell into 
the ‘no knowledge’ groups (48.3%). In particular, the results also revealed that most of 
the participants (91.7%) had no knowledge about personal hygiene or workers’ health. 
Only 0.6% of participants considered they had moderate knowledge in this area. 
      
















20.0 41.1 35.6 3.3 
Identifying fish 
contamination  and fish-
borne illness 
66.1 32.8 1.1 - 
Temperature regarding food 
safety 
48.3 40.0 10.6 1.1 
Personal hygiene and 
workers’ health 
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The results for all questions in the knowledge survey are presented in Table 5-7. In 
the questions about knowledge of microbiological hazard developments, the ones on the 
development of pathogen microorganisms on/in ice were answered with a correct option 
by a few of the respondents (n=10; 5.6%). However, 68.9% of them answered with the 
correct option about development of pathogen microorganisms on/in fish preserved by 
ice. Nearly half of the respondents (47.8%) had correct answers for the development of 
pathogens in the human body after eating contaminated food. 
Table 5-7: Percentages of answers regarding food safety and hygiene knowledge 





Microbiologic hazards development 
Development of pathogen microorganisms that are on/in ice 
for fish preservation 
5.6 82.7 11.7 
Development of pathogen microorganisms on/in fish 
preserved by ice 
68.9 24.4 6.7 
Development of food poisoning microorganisms after eating 47.8 46.7 5.6 
Identifying fish contamination and fish-borne illness 
Identification of contaminated fish 28.9 53.9 17.2 
Contamination routes of  pathogen microorganism into fish 4.4 73.4 22.2 
Diseases can be transmitted by raw fish 1.7 26.1 72.2 
Food-borne pathogen agents  3.9 96.1 
Temperature knowledge about food safety 
Correct temperature of fish preservation by ice 10.6 70.0 19.4 
Temperatures make bacteria the most ready to multiply  20.0 68.3 11.7 
Development of germs that are on/in fish that is displayed 
too long at environmental temperature (22
0
C – 270C). 
33.9 59.4 6.7 
Personal hygiene knowledge 
When fish handlers should wash their hands 6.7 56.7 20.6 
What would fish handlers do if they were infected with skin 
disease? 
1.7 93.9 4.4 
What would fish handlers do if they had symptoms of sore 
throat with fever? 
0.6 92.8 6.7 
 
In the questions regarding knowledge of identifying fish contamination and fish-
borne illness, only 28.9% of the fish distributors agreed that they could not identify 
contaminated fish by appearance. The rest of the respondents gave wrong answers or “do 
not know” to identify contaminated fish. Nearly all fish distributors (98.3%) did not 
understand what diseases can be transmitted by raw fish. None knew any food-borne 
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pathogen agents. Surprisingly, only 8 respondents (4.4%) got the right answer to the 
question about contamination routes of pathogen microorganisms in fish. 
The number of right answers about knowledge regarding temperature for fish safety 
was still low; 89.4% of the respondents did not understand the correct temperature for 
fish preservation by ice. Only 20% of respondents understood the suitable temperature, 
that is, that there were temperatures that favoured pathogens such as bacteria, 
multiplying; 33.9% of the fish distributors were aware of the development of pathogens 
on/in fish that were displayed at ambient temperatures. 
The last part of the food safety knowledge questions concerned personal 
knowledge; 93.3% of the respondents proved to be unaware of when fish distributors 
should wash their hands. Almost all of the fish distributors (more than 98%) would not 
consult with their supervisor if they had symptoms of sore throat with fever, or if they 
were infected with a disease of the skin. 
Part IV – Attitudes to risks and control   
 Table 5-8 shows the mean scores of the attitudes of fish distributors toward risks 
and controls. The results present the scores in four sections, including attitude to fish 
safety in job responsibility and importance of training, risks of fish borne-illness from 
personal hygiene and worker’s health, risk of fish borne illness from non-compliant 
controlling time and temperature, and risk of fish borne illness from contact surfaces. 
Overall, the means for all sections showed a little higher than the neutral level. This 
means that fish distributors have attitude that are positively directed toward fish safety 
responsibility and training, and the risks of fish borne-illness.  
The percentages of answers concerning attitudes to risks and control for four items 
and questions for each item are presented in Table 5-9. 
The section concerning attitude to fish safety responsibility and training showed 
that 41.5 % respondents did not think that their responsibility of fish safety and training 
in food safety and hygiene was important. The answers for questions in this section 
showed that nearly half of fish distributors (46.1%) did not agree that safe fish handling is 
important for their job. Respondents (43.3 %) also did not agree that learning more about 
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food safety was necessary for their job. It can be seen that 35 % of fish distributors think 
that fish-borne illness can not cause disease for consumers.  
 Table 5-8: Means of scores of attitude to risks and control 
Questions n Means 
(SDs) 
Possible score  
min-max 
Attitude to fish safety responsibility and 
training 
180 8.03(2.09) 3 - 15 
Attitude to risks of fish borne-illness from 
personal hygiene  
180 7.78(1.46) 3 - 15 
Attitude to risks of fish-borne illness from 
time/temperature 
180 6.70(1.17) 2 - 10 
Attitude to risks of fish-borne illness from 
contact surfaces, tools, and equipment  
180 6.09(1.44) 2 -10 
 
In the section on attitude toward risks of fish borne-illness from personal hygiene 
and worker’s health, 40.4 % of respondents thought that personal hygiene did not relate 
to risks of fish-borne illness. Regarding answers to each question, it can be seen that 
nearly half of the respondents (42.8%) strongly did not agree with using caps, masks, 
adequate clothing and clean protective gloves to reduce the risks of fish contamination. In 
fact, 62.8% of respondents gave the “uncertain” answer for attitude to risks of fish 
contamination if they had typhoid, jaundice, or diarrhoea. However, only 5.6% of 
respondents agreed that there were risks of fish contamination with people who had those 
diseases. More than half of the respondents (55.6%) disagreed that evaluation of health 
status of workers is necessary to prevent the risks of fish-borne illness. 
In regard to the section on attitudes to risks of fish-borne illness from 
time/temperature control, 43.3% participants agreed that time and temperature control 
could affect risks of fish-borne illness. In the details, 40% of respondents agreed that it 
was important to measure the temperature of fish regularly to reduce the risk of fish-
borne illness. On the other hand, 43.3% of respondents chose “uncertain” answers for this 
question and 46.7% respondents believed that controlling the duration of time that fish 
were exposed to ambient environments can reduce the growth of pathogenic 
microorganisms 
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Attitude to fish safety 
responsibility and training 
4.6 41.5 35.6 18.3 - 
Safe food handling is an important 
issue in my job responsibility 
5.6 46.1 30.0 18.3 - 
Fish-borne illness can cause 
disease in consumers 
1.1 35.0 48.3 15.6 - 
It is important to learn more about 
food safety 
7.2 43.3 28.3 21.1 - 
Attitude to risks of fish borne-
illness from personal hygiene 
18.1 40.4 38.7 2.8 - 
To reduce the risks of fish 
contamination, I should use cap, 
mask, adequate clothing and clean 
protective gloves? 
42.8 35.6 21.7  - 
To reduce the risks of fish 
contamination I should not touch 
fish if I have typhoid, jaundice, or 
diarrhoea 
1.7 30.0 62.8 5.6 - 
Evaluation of health status of the 
workers before employment is 
necessary to prevent the risk of 
food-borne illness 
10.0 55.6 31.7 2.8  
Attitude to risks of fish-borne 
illness from  time/temperature 
control 
1.4 11.1 41.3 43.3 2.8 
When fish is placed in ice, 
measuring the temperature (from -
1
0
 C to + 4
0
 C) of fish regularly is 
necessary to reduce the risk of 
fish-borne illness. 
2.8 11.7 43.3 40.0  
When fish are exposed to air 
during handling, to know the 
duration of this can reduce the 
growth of pathogen 
microorganisms   
 10.6 39.4 46.7 3.3 
Attitude to risks of fish-borne 
illness from contact surfaces, 
tools, and equipment 
0.3 31.1 35.0 30.8 2.8 
To reduce the risks of fish-borne 
illness, I should  clean containers 
and tools, and contact surfaces 
0.6 19.4 31.7 42.8 5.6 
To reduce the risks of fish-borne 
illness, I should clean containers, 
tools, equipment with 
detergent/sanitiser 
 42.8 38.3 18.9  
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 The last section concern respondents’ attitudes to risks related to cleanliness of 
contact surfaces, tools, and equipment. The percentages of participants who agreed that 
the cleanliness of contact surfaces or tools affected the risks of fish-borne illness were 
31.1%; but the percentage of answers with “disagree” was also 30.8%. in this section, 
42.8% of fish distributors agreed that cleaning containers, tools, and contact surfaces 
reduced the risks of fish-borne illness. However, 42.8% of fish distributors disagreed with 
the idea that cleaning containers, tools, and contact surfaces with detergent/sanitisers can 
reduce risks of fish borne-illness. 
Part V – Concern of Managers, co-workers, and consumer about food safety 
With the set of five questions about manager commitment to food safety (Table 5-
10), 93.3% of participants reported that they were “never” checked or monitored for their 
health in association with the implementation of the regulations for employee health. 
Participants who had “never” received any encouragement to report illness to 
management accounted for 88.3% of the 180 respondents and 11.7% of participants said 
that they “rarely” received encouragement to report illness to managers. Of the total, 
78.9% and 21.1% of respondents were “never” and “rarely”, respectively, told or 
encouraged to implement safe food handling practices.  It can be seen that 151 (83.9%) of 
the participants said that their managers or authorities “never” paid any attention to food 
safety practices and 29 (16.1%) participants recognised that the managers or authorities 
“rarely” paid attention to food safety practices. In addition, 141 (78.3%) of respondents 
reported that they had “never” seen an inspector visit their working place.  
When participants were asked if co-workers had concerns about food safety 
practices, 77.2% of participants revealed that their co-workers were “never” concerned 
about their food safety practices. Furthermore, 60.0% and 58.9% of participants indicated 
that their consumers were “never” concerned and “never” returned products for food 
safety reasons, respectively. Only 3.9% of respondents said that their consumers 
“sometimes” returned their products because of food safety problems. 
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Table 5-10: Respondents’ opinions about their managers, co-workers, and consumers 











How often are you checked to ensure 
the implementation of the regulations 
of employee health? 
93.3 6.7    
Do you receive any encouragement to 
report illness to management? 
88.3 11.7    
Do your managers/authorities talk 
about/encourage safe food handling 
practices? 
78.9 21.1    
Do your managers/authorities pay 
attention to food safety? 
83.9 16.1    
Do the food safety inspectors visit your 
workplace? 
78.3 21.7    
Do your co-workers talk/ show concern 
about food safety and hygiene? 
77.2 22.8    
Do your consumers show concern 
about food safety and hygiene of your 
products? 
60.0 28.9 11.1   
Do your consumers return your 
products because of unsafe food? 
58.9 37.2 3.9   
  
Part VI - Respondents’ satisfaction of working conditions, work pace, and job 
Fish distributors’ evaluations of their satisfaction with working conditions, work 
pace (time pressure), and job are presented in Table 5-11. (see Appendix 5-8 for detailed 
answers to each question)  
The participants evaluated their satisfaction with working conditions with a mean 
of 4.93. A comparison of the possible maximum points of this section is 10; the scores for 
satisfaction with working conditions approximate to the neutral point of this item. Fish 
distributors also indicated that satisfaction with work pace is 5.31 (out of 10 possible max 
points), which is a little higher than the neutral point of the work pace section. In 
addition, satisfaction with the job was 4.93 points (out of a possible 10 max points). This 
point showed that fish distributors seem to be uncertain about satisfaction with their job.    
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Table 5-11: Means of scores of respondents’ opinions about working conditions, work 
pace (time pressure), and job 
Questions n Mean 
(SDs) 
Possible score  
min-max 
Satisfaction with working conditions  180 4.93(1.05) 2-10 
Satisfaction with work pace  180 5.32(1.27) 2-10 
Satisfaction with job  180 4.93(1.05) 2-10 
 
Part VII - Food safety and hygiene practices  
The self-reported food safety practices (Table 5-12) showed that the mean of scores 
of three sections for food safety and hygiene practices was approximately a half of the 
possible points that are determined as compliant with government regulations (see 
Appendix 5-8 for details of each question). The mean point of the personal hygiene 
sections was just 26.29 points, while the possible max points in this section were 55. The 
mean point for this section showed that participants may “sometimes” implement 
personal practices that comply with regulations. Similarly, the mean for preventing 
contamination and cleaning was 12.09 points out of 25 possible max points. The 
participants may just “sometimes” implement food safety practices for preventing 
contamination and cleaning. The last section of food safety practices is, ‘controlling time 
and temperature for fish products’. The mean for this item was 5.11 (out of 10 possible 
max points), which may show that people may “sometimes” check and observe the time 
and temperature of their fish products. 
Regarding percentages of answers for food safety hygiene practice in Table 5-13, 
this sequence of questions was divided into three main sections: including personal 
hygiene practice; preventing contamination; and controlling time and temperature.  
 
Table 5-12: Means of scores of answers about food safety and hygiene practices 
Questions n Means 
(SDs) 
Possible score  
min-max 
Personal hygiene  180 26.29(2.33) 11 – 55 
Cleaning contact surfaces  180 12.09(1.54) 5 – 25 
Controlling time and temperature  180 5.11(0.91) 2 -10 
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In the first sections about personal hygiene practice, 60.5 % of answers were 
“rarely” implemented of personal hygiene. When considering the practice of using clean 
gloves when touching raw fish, the proportion of respondents reporting “rarely” and 
“sometimes” was 62.3% and 33.3%, respectively. The percentage for using clean 
protective clothing “rarely” was 76.7%, and 85.0% of these reported “rarely” using masks 
and caps while touching raw fish. Regarding the practice of washing hands, most of the 
fish distributors surveyed (85%) reported “rarely” washing hands before entering the 
workplace. Similarly, 91.7% of the fish distributors “rarely” washed their hands after rest 
time. Only 2.2% of the fish distributors “often” washed their hands after touching 
contaminated objects; however, 60.6% “rarely” implemented this practice. Surprisingly, 
more than a half of the respondents (51.1%) sometimes washed their hands after going to 
the toilet; just 7.8% “often” did this. The self-reported hygiene practices showed that only 
1.1% of the fish distributors were “rarely” involved in eating or drinking in their working 
area and 71.1% of those were often eating or drinking during their working days. 
Regarding the practices of employee heath when they have illness, most 
respondents answered that they “sometimes” or “often” worked their task when they had 
symptoms of illness or cuts and burns with pus on hands and wrists. None of the 
respondents changed (0%) their task when they had symptoms of illness or cuts and burns 
with pus on hands and wrists. 
Section 2 of the practice questions was concerned with cleaning contact surfaces. 
More than half of respondents (58.6 %) “rarely” conducted contamination prevention 
activities for fish. Results showed that many fish distributors (45.0%) “often” placed raw 
fish on the floor. Results for fish distributors “rarely” cleaning fish containers, tools, and 
working surface when dirty and after working, were 62.2% and 66.7%, respectively. 
However, more than a half (60.6% and 58.3%) “rarely” used detergent/ disinfectant/ 
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Personal hygiene 0.3 60.5 35.6 3.8  
Do you use clean gloves when you touch or 
distribute raw fish? 
 62.3 33.3 3.9  
Do you wash your hands before entering 
your working place? 
0.6 85.0 14.4   
Do you use clean protective clothing when 
you touch or distribute raw fish? 
 76.7 23.3   
Do you use a mask and cap when you 
touch or distribute raw fish? 
0.6 85.0 13.9 0.6  
Do you wash your hands or your gloves 
after touching contaminated objects (dirty 
objects)? 
 60.6 37.2 2.2  
Do you wash your hands after using the 
toilet? 
 41.1 51.1 7.8  
Do you wash your hands after rest time 
when you come back to work? 
1.1 91.7 7.2   
Do you eat or drink in your working area?  1.1 27.2 71.1 0.6 
Do you still work the same task (touching 
fish) when you have symptoms of sore 
throat with fever? 
 3.9 47.8 48.3  
Do you still work the same task (touching 
fish) when you have symptoms of 
diarrhoea or vomiting? 
 8.3 52.2 39.4  
Do you still work the same task (touching 
fish) when you have infected cuts and 
burns with pus on hands and wrists? 
 14.4 39.4 46.1  
Cleaning contact surfaces 0.7 58.6 39.1 1.7  
Do you place raw fish on the floor  3.9 51.1 45.0  
Do you wash fish containers, tools, and 
equipments when they are dirty? 
 62.2 33.9 3.9  
Do you wash fish containers, tools, and 
equipment with detergent/ 
disinfectant/sanitizer when they are dirty? 
0.6 60.6 38.9   
Do you clean working surfaces, tools, and 
equipment after working? 
0.6 66.7 32.2 0.6  
Do you clean working surfaces and 
equipment with detergent/ 
disinfectant/ sanitizer after working? 
2.2 58.3 39.4   
Controlling time and temperature 1.4 45.3 49.7 3.6  
Do you check temperature of raw fish 
during storage or handling (not using 
thermometer)? 
 47.8 49.4 2.8  
Do you check duration for which fish are 
exposed to surrounding temperatures 
during handling? 
2.8 42.8 50.0 4.4  
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The last section was about controlling time and temperature. Nearly half of the 
respondents ‘sometimes” controlled time and temperature for fish. The details showed 
that half (49.4% and 50.0%) of the fish distributors “sometimes” checked the temperature 
and duration of fish exposed to the environment, respectively. Also, nearly half of the 
respondents (47.8 % and 42.8 %) “rarely” observed temperatures during handling or 
storage, or measured the time for which fish were exposed to the ambient environment. 
Bivariate associations  
The bivariate correlation between all factors and food safety practice scores are 
displayed in Table 5-14.  Most of the factors had no significant correlation with food 
safety practice scores. However, four factors had a significant correlation with food 
safety practices’ (FSP) total score. Job position, including handler, trader, and retailer had 
the highest coefficient (Spearman correlation with 0.29), followed by gender (Spearman 
correlation with 0.16), consumers returning products (Spearman correlation with 0.16), 
and duration of employment (Spearman correlation with 0.15). 
 
Table 5-14: Bivariate correlation between all factors and food safety practice scores 












































Demographics      






Age 1 = <18; 2=18-40; 3= 41-60; 
4= >60 
.02 -.00 .08 .02 
Duration of working 
life(employment)  
1= ≤ 1; 2 = 2,3,4,5,6,7,8,9,10; 





Year of school completed 0=None; 1=Primary; 
2=Secondary; 3=high school; 
4=College/University  
-.10 -.10 -.08 -.14 
Worker characteristics       
Job position  1= Handler; 2= 







Worker type 1=Permanent; 2=Casual -.06 .01 -.06 -.05 
Diagnosed fish-borne illness 1=Yes; 0=No .04 -.01 .03 .03 
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=5,6(Moderate); 
3=7,8(High/Very high); 4= 9 
(no answer) 
Training and procedure 
manual of food safety 
     
Type of training for job 1=Introduction of job; 
2=Intensity training; 
3=Special training course 
.07 .06 -.02 .06 
Understanding of food safety 
procedure manual  
1=Not at all; 2=A little, 3= 
Quite a lot; 4=A lot 
.01 -.09 .11 .01 
Understanding of food safety 
regulation levels 
1=Not at all; 2=A little, 3= 
Quite a lot; 4=A lot 
.01 -.0.5 .12 .01 
Understanding regulations of 
employee health 
1=Not at all; 2=A little, 3= 
Quite a lot; 4=A lot 
-.03 -.03 .08 .00 
Food safety and hygiene 
knowledge
 




3= no knowledge; 4= low 
knowledge; 5= moderate 




.05 -.09 -.09 
Identifying fish contamination  
and fish-borne illness
 
4= no knowledge; 5= low 
knowledge; 6= moderate 
knowledge 
-.13 -.03 -.02 -.10 
Temperature knowledge for 
food safety
 
3= no knowledge; 4= low 
knowledge; 5= moderate 
knowledge; 6= good 
knowledge 
.09 -.09 -.02 .02 
Personal hygiene and worker’s 
health
 
3= no knowledge; 4= low 
knowledge; 5= moderate 
knowledge; 6= good 
knowledge 
-.06 -.04 .03 -.06 
Attitudes of fish distributors 
to risks and control 
     
Attitude of job responsibility 
and training to food safety 
8.03(2.09) .02 .01 -.15
* 
-.02 
Attitude to risk of fish-borne 
illness from personal hygiene  
7.78(1.46) .03 -.06 -.02 -.01 
Attitude to risk of fish-borne 
illness from  time and 
temperature  
6.70(1.17) -.02 .02 -.12 -.03 
Attitude to risk of fish-borne 
illness from fish contact surface 
6.09(1.44) -.03 -.03 -.22
** 
-.09 
Concern of management, co-
worker, and consumers about 
food safety
 
     
Monitoring the implementation 
of regulation concerning 
1=Never; 2=Rarely; 
3=Sometimes; 4=Often; 
.07 -.00 .07 .06 
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employee health 5=Always; 
 




.07 -.06 .15 .05 
Manager/Authorities talk about/ 





.02 .02 .13 .05 
Manager/Authorities pay 





.03 -.08 .11 .02 




.07 -.00 .04 .05 
Co-workers talk /concerned  





.03 -.02 -.01 .01 






-.02 -.00 -.00 -.02 
Consumer return of product 









Working conditions and job  .05 .03 -.05 .03 
Working conditions satisfaction  4.93(1.05) .03 .01 -.09 .00 
Work pace 5.32(1.28) .12 .06 .03 .10 
Organizational justice 5.37(1.14) -.05 -.01 -.08 -.05 
Note. FSP = Food safety and hygiene practices; Pearson correlation coefficient for continuous 
variables; Point-biserial correlation coefficients for dichotomous variables and Spearman r for ordinal 
variables. 
*
p < .05; **p < .01 
5.6  DISCUSSION  
The questionnaire designed for the present study has allowed the detection of food 
safety practices and factors affecting food safety practices. The level of self-report of 
food safety and hygiene practices showed low levels of compliance with government 
regulations in the study.  Each factor has also been analysed to determine whether or not 
it is relevant to the practices of distributors. 
Regarding food safety practices of distributors, most of the respondents in this 
study exhibited poor practices during handling of fish. The majority of respondents 
“rarely” or “sometimes” implemented food safety practices that are compliant with 
government regulations.  
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In the matter of personal hygiene practices, fish can be contaminated during fish 
handling by contamination through fish distributors or from infected humans handling the 
fish. Although regulations require fish distributors to implement personal practices in 
terms of wearing clean protective clothing, cap, and mask; washing of hands before 
entering working place, after rest time, after touching contaminated objects, and after 
going to the toilet; not eating or drinking in work places, this study found that the 
majority of fish distributors “rarely” or “sometimes” implemented personal hygiene 
practices for all items. Especially, most of the respondents (71.1%) often ate or drank in 
their working places. Furthermore, although the washing of hands among fish distributors 
was mostly “sometimes” or “rarely”, none of the respondents implemented hand washing 
procedures correctly. According to the findings in Chapter 4, none of the washing stations 
in the surveyed places had hand antiseptics. Therefore, the hand washing procedures of 
fish distributors were only washing of hands and rinsing with water without antiseptics.  
The practice of not washing hands or of ineffective hand washing in between actions of 
going to the toilet or touching contaminated objects and touching fish, greatly increases 
the chances of contamination. In the food industry, many studies have demonstrated that 
pathogens can be transferred from hands of food handlers to food (Andargie, Kassu, F., 
Tiruneh, & K., 2008; Fendler, et al., 2002; Harrison, et al., 2003; Paulson, 2000; Snyder, 
1998).  
The finding of this study was similar to the results of the hand washing observation 
in Chapter 4 that reported that the fish distributors often contaminated fish through their 
hands. The study also revealed that most of the fish distributors disregarded their 
illnesses, such as sore throats with fever, diarrhoea, or infected skin. They still continued 
to work the same tasks and came into contact with fish while ill. Infected food handlers 
are well known sources for the transfer of enterotoxigenic pathogens, and harmful viruses 
to food, such as Staphylococci, Hepatitis A virus and they are diarrhoea-causing (Barrie, 
1996; World Health Organization, 1999). Disregarding the illnesses, fish distributors can 
contribute to high risks of food borne diseases to their consumers through fish products. 
 In addition to poor personal hygiene, many fish distributors also indicated poor 
practices of cleaning and preventing fish contamination, with 45% of respondents “often” 
placing fish on the floor where people walk. Furthermore, more than half of the fish 
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distributors reported that they “rarely” washed fish containers, working surfaces, tools, 
and equipment with detergent/disinfectant/sanitizer after working, although these tasks 
must be implemented according to the regulations (MARD, 2009b, 2009c, 2009d, 
2009e). Many studies have suggested that poor cleaning practices were the reasons for 
accumulated bacterial infections such as noroviruses, E. coli 0157, and Campylobacter 
which may pose risks when cleaning is not effective (de Wit, et al., 1979; Gent, Telford, 
& Syed, 1999; Harrison, et al., 2003; Kassa, et al., 2001).  
The last measure of food safety practices was controlling time and temperature. 
Time and temperature control practices are the most critical practices ensuring raw fish 
safety. The finding of this study indicated that fish distributors did not seem to recognise 
the importance of controlling time and temperature. Half of the respondents “sometimes” 
checked the temperature and duration of fish exposure to the environment. Even when 
they did check the temperatures, fish distributors just used instinct and experiences to 
guess the temperature of the fish (see ‘observation’ in Chapter 4). This poor practice 
explains why the temperature of all fish batches in the observation study of Chapter 4 was 
non-compliant with regulations (under 4
0
C) and why all of the fish batches had 
temperatures higher than 4
0
C.  
Several previous studies about food safety and hygiene practices of food handlers 
concluded that food handlers reported food safety practices much more frequently than 
they actually implemented them (Clayton, et al., 2002; Manning & Snider, 1993); 
similarly with this study. Compared with the results from Chapter 4 prevention of 
contamination of fish may actually be less frequent than is self-reported in this study. 
Poor food safety practices of food handlers were not only found in this study, but 
also have been pointed out in other food industries. Many studies from the meat industry, 
eating establishments, or street-food vendors have concluded that inadequate food safety 
and hygiene practices occurred frequently (Azanza, et al., 2000; Baş, et al., 2006; Gomes-
Neves, et al., 2011; Mukhopadhyay et al., 2012; Nee & Sani, 2011; Nel, Lues, Buys, & 
Venter, 2004).  
A number of studies have indicated that a food handler’s practice is dependent on 
his or her knowledge and attitude (Ehiri, et al., 1997; Rennie, 1995).  In order to 
  
Chapter 5: The association between factors which affect food safety practices 175 
understand the poor safety practices of food handlers, it is necessary to identify the 
factors that directly or indirectly affect the food handler’s practices. Two of the main 
factors are knowledge and attitudes to food safety, and the hygiene of food workers. The 
findings of this study showed that the knowledge of fish distributors is very poor. In 
particular, most of the fish distributors (91.7%) had no knowledge about personal 
knowledge. Furthermore, regarding knowledge of fish contamination and fish-borne 
illness, 66.1% of participants did not know anything about how contamination occurs and 
the diseases and agents of fish borne-illness. The fish distributors’ knowledge of 
microbiologic hazards and temperature control may be better than their knowledge of 
personal hygiene and fish contamination; however, this knowledge was still evaluated at 
a low level. This result for fish safety knowledge confirmed fish distributors’ answers 
that no fish distributors (100%) had participated in any food safety training courses. This 
can explain how it is that the low levels of hygiene and food safety practices of fish 
distributors in this study are mainly due to lack of food hygiene and safety knowledge 
rather than to negligence in taking hygiene and safety precautions.   
In addition to food safety knowledge, attitudes toward food safety and hygiene are 
also important factors leading to changes in food safety practices. The score for attitude 
toward fish safety responsibility and fish-borne illness causing disease, seems to indicate 
negative attitudes in this area (Table 5-10). Janz and Becker (1984) pointed out that 
individuals must perceive themselves to be at risk of the health threat before 
implementing action to reduce risk behaviours.  This might explain the inadequate food 
safety practice of fish distributors; that they take their health for granted and they view 
themselves as not at risk or threatened by potential fish-borne disease. A generally 
negative attitude toward correct food safety practices leads to incorrect food safety 
practices. In this study, the food safety practices of fish distributors were poor; however, 
the scores for attitudes to risks of fish borne-illness were a little more positives. The 
discrepancy between food safety and hygiene attitudes and food safety and hygiene 
practices found in this study, was also in agreement with the findings of other studies 
about food hygiene knowledge, attitudes, and practices in hospitals in Iran, Italy, and 
Turkey (Askarian, Kabir, Aminbaig, Memish, & Jafari, 2004; Baş, et al., 2006; Buccheri 
et al., 2007; Tokuc, et al., 2009). The results of this study may explain that the lack of 
 176 Chapter 5: The association between factors which affect food safety practices 
food safety training may lead to the fish distributors adopting the knowledge, attitudes, 
and practices or behaviours empirically based on their skills and experiences in daily 
working. Therefore they implement food safety practice as their own knowledge and 
experiences. 
The poor food safety and hygiene practices may also relate to the low food safety 
commitment of managers. The findings of this study revealed that there was no 
information given to worker by managers or authorities demonstrating concern for food 
safety or of hygienic handling by fish distributors. The results (Table 5-11) showed that 
responses to all of the questions regarding managers’ or authorities’ concern about food 
safety and the hygiene of fish distributors, was in the “never” or “rarely” frequencies. 
None of: implementation of a food safety management system; communication of 
positive messages about food safety; or of provision of an organizational framework to 
support food safety and hygiene from managers and authorities to fish distributors, 
resulted in food safety training for the fish distributors or in education about poor food 
safety and hygiene knowledge. This situation explains the findings’ results that almost all 
fish distributors answered that they did not know anything about the regulations relating 
to food hygiene and safety or regulations regarding employees’ health and hygiene and 
100% of fish distributors did not attend any food safety training (see Table 5-6). 
Therefore, although food safety regulations have been developed by the government to 
reduce the risks of fish-borne illness (MARD, 2009b, 2009c, 2009d, 2009e), it may be 
more difficult for these regulations to be applied to fish distributors due to the low food 
safety commitment of managers and authorities in the DSDCs.  
In this research, satisfaction was also evaluated to determine whether or not it 
affected food safety practices. However, the findings showed that this factor seemed to 
not actually contribute to the food safety practice of fish distributors. The average scores 
for satisfaction in terms of working conditions, work pace, and job were of a neutral 
status. Fish distributors did not give positive or negative responses clearly. According to 
the observation study in Chapter 4, all of the surveyed places featured a physical 
environment and facilities that had inadequate conditions compared to government 
regulations. However, most of the fish distributors in this self-report research gave as 
“uncertain”, answers for adequate and hygienic working conditions. This may be the 
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consequence of a lack of understanding about food safety regulations leading to fish 
distributors viewing themselves as accepting of their surrounding physical environment. 
Furthermore, without having attended food safety training, the fish distributors defined 
the working conditions as in accordance with their personal needs; and based on these, 
they judged the working conditions as “uncertain”. Therefore, the ‘satisfaction with 
working conditions’ response was a very personal matter. Participants in this study 
depended on more general parameters such as their tradition or socio-economic situation 
for their opinions. 
 In addition to satisfaction with working conditions, the satisfaction with work pace 
(time pressure) and job was not directly related to safe food handling practices. This can 
explain why there was no enforcement of food safety and hygiene practices from 
managers or consumers. Moreover, knowledge about food safety and hygiene means fish 
distributors felt no pressure from safe food and hygiene practices. Therefore, the findings 
of this study could not compare how this factor affecting food safety and hygiene 
practices as many previous studies have shown that time pressure was consistently 
mentioned as a negative factor in food safety and hygiene practices (Clayton, et al., 2002; 
Green & Selman, 2005; Kharbanda & Ritchie, 2005).  
Results from the statistical analysis regarding factors that may be related to food 
safety practices among fish distributors have been examined widely. Most variables 
examined had no statistical significant relationship with total scores for food safety and 
hygiene practices with the exceptions being consumers who returned products due to 
food safety, which resulted in significant differences (P < .05); gender of fish distributors 
(P < .05); duration of work (employment) (P <.05), and job position (P <.01).  
In the factor related to consumers, the more frequently consumers returned fish 
products to fish distributors because of food safety matters, the higher the scores for food 
safety and hygiene practice that were gained by fish distributors.  The association 
between food safety and hygiene practice and consumers returning products could 
suggest that consumers were the main factors that could affect the practices of fish 
distributors. In the context of fish distribution chains, effective trading, or profits, is the 
only concern for fish distributors. Therefore, consumers are the main targets for their 
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business. Implementation of the food safety and hygiene practices of fish distributors may 
affect the willingness of consumers to buy, and fish distributors, therefore, try to achieve 
better food safety practices in this context. This revealed that the increased awareness of 
consumers about food safety may be an important point to promote food safety and 
hygiene practices of fish distributors, one that may lead to the motivation of fish 
distributors to learn about food safety practices and enhance their food safety attitude.  
Another significant difference between food safety and hygiene practice and 
duration work (employment) was also found in this study.  Better practice associated with 
length of time in the fish industry, may suggest that experience counts, or that practical 
experiences accumulate over the period of working. The longer the duration of working 
in fish industry that fish distributors had, the more positively it affected the food safety 
practices fish distributors gained.  
The last significant factor associated with food safety practice was job position. 
Retailers seemed to achieve a higher practice score compared to fish handlers. This may 
be explained by the fact that retailers were always directly in contact with consumers at 
retail markets, and thus, they needed to be aware of better food safety practices. On the 
other hand, the fish handlers always worked at handling the fish at fish ports and 
indirectly traded with consumers; therefore, their awareness of food safety and hygiene 
practice may be less attention than that of retailers                  
In conclusion, the findings of this study clearly indicate that general knowledge and 
attitudes to food safety and hygiene were at floor level in most of the fish distributors. 
The poor food safety and hygiene practices of fish distributors have been affected directly 
by their low levels of knowledge of food safety and hygiene and by the lack of 
commitment to food safety from managers and authorities within the DSDCs. Other 
factors such as working conditions and education levels seemed not to affect food safety 
and hygiene practices of fish distributors greatly. However, these factors may lead to high 
risks of microbiological contamination of fish and of food-borne diseases. Developing 
and implementing training in food safety for fish distributors and having effective 
management commitments, are the first steps in building effective food safety 
management systems for the DSDCs. One significant factor affecting food safety and 
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hygiene practice, the consumer, should be emphasised in the strategies for improving 
food safety among fish distributors in the DSDCs.  
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Chapter 6: Discussion of contamination 
mechanisms and recommendations 
for fish safety strategies  
6.1 SUMMARY OF CONTAMINATION ROUTES IN THE DSDCS 
Based on data collected in this study, the general violations of hygiene practices 
and contamination routes for raw fish were described along seafood distribution chains in 
Figure 6-1. It can be seen that almost all stages in DSDCs, including fishing ports, 
traders’ establishments, wholesale markets, retail markets, and transportation networks, 
can cause contamination for fish. Within these stages, retail markets and fishing port 
stages are considered as critical stages where contamination of fish mainly occurs. It was 
found that most raw fish treatment activities were undertaken in fishing ports and retail 
markets (see Chapter 2) and, therefore fish were contaminated from these activities. Raw 
fish were subjected to contamination from various sources, including storage containers, 
tools, equipment, waste water, solid waste, humans, insects, rodents, and dust (see 
Chapter 4). The contamination from these sources is identified as resultant from 
inappropriate fish handling by fish distributors and the inadequate facilities and 
environments in which fish are handled (see Chapters 4 and 5). 
 Regarding the transportation stage, the means of transportation were mostly 
inappropriate with inadequate hygiene conditions, for example motorcycles and small 
vans (see Chapter 2), which were major contributors to the contamination of the fish. 
With respect to time and temperature control for the fish, the results of time and 
temperature observations revealed that the most serious time and temperature abuse 
occurred during the time at retail markets (see Chapter 4).  The findings also showed that 
at all of the stages along the distribution chain, raw fish were kept for long times under 




C, which can stimulate the multiplication of 
pathogenic bacteria to undesirable levels. 
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Non-compliant time and temperature control. 
Contamination via containers, tools, waste 
water, waste, human, insects, rodents, and dust. 
Growth and survival of bacteria or their spores, 
production of toxins    
Inappropriate means. Non-compliant 
temperature control  
Inadequate containers and rooms. Non-
compliant temperature control 
Non-compliant time and temperature control. 
Further contamination via containers, tool and 
fish handlers. Growth and survival of bacteria 
or their spores and toxins    
Inappropriate means. Non-compliant 
temperature control  
Non-compliant time and temperature control. 
Further contamination via containers, tools, fish 
handlers. Growth and survival of bacteria or 
their spores, production of toxins    
Inappropriate means. Non-compliant 
temperature control  
Non-compliant time and temperature control. 
Further contamination via containers, tools, 
waste waters, wastes, humans, rodents, and 
insects. Growth and survival of bacteria or their 
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 Figure 6-2: Diagram of mechanism of microbiological contamination factors and their routes  
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In general, the findings of this study clearly showed that violations of hygiene 
practices and contamination routes for fish occurred at all stages along the DSDCs. In 
order to identify the critical stage that would offer the greatest benefit to improving food 
safety for the DSDC, the microbiological quality, handling practice of fish handlers, 
infrastructure, and time and temperature control data were compared and analysed. From 
this it was determined that the local retail market is the stage most amenable to the 
improvement of food safety practices of fish handlers and the physical environment. In 
this stage, the percentage of non-compliant items such as buildings, facilities, and 
hygiene procedure documents were the highest compared with other stages in the DSDCs 
(see chapter 3). The practices of retailers were also identified as high risk for 
contamination. Time and temperature abuse at local retail markets were the most serious 
(see chapter 4). Therefore, local retail markets should be the highest priority for 
implementing food safety strategies. 
In an effort to report the complex current context of DSDCs in Vietnam, diverse 
data from different evaluations, physical environments and surveys of fish distributors in 
this study were analysed and described to develop a diagram of raw fish contamination 
mechanism pathways, which is shown in Figure 6-2.  
Four main vectors are identified in the diagram of contamination mechanisms. The 
first vectors are insects, rodents, and animals; the second vectors are represented by the 
physical environment, including water, waste water, waste, dust, contaminated 
containers, tools, and working surfaces. The third vectors are constituted of people who 
are acting in DSDCs. The last vectors include endogenous microorganisms in the fish and 
initial contamination of fish during the processing of the catches and its storage on fish 
boats.  These vectors are created from potential contaminant sources in the whole 
distribution chain. The potential contaminant sources originate from factors that include 
physical environmental factors, consumer factors, food safety management factors, and 
legal aspects of food safety. In order to ensure fish safety in DSDCs, it is essential to 
understand the contaminant sources and identify the contextual factors related to DSDCs. 
Section 6.1.1 will discuss these potential contaminant sources and Section 6.1.2 will 
discuss the relevant context factors of the DSDCs. 
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6.1.1 POTENTIAL CONTAMINANT SOURCES IN DSDCS        
Potential contaminant sources for fish in DSDCs are divided into four main 
sources: sanitary practices, fish handling practices, operating infrastructure conditions, 
and the microbiological quality of fish supplies to the DSDCs.   
6.1.1.1. Sanitary practices 
Personal hygiene 
Fish distributors can harbour viruses and pathogenic bacteria on or in hands, nose, 
mouth, infected wounds, eyes, and hair that may transfer to food (Andargie, et al., 2008; 
Barrie, 1996; Guzewich & Ross, 1999). Poor personal hygiene of fish distributors may be 
one of the major contamination sources for the fish. The results of this study revealed that 
most fish distributors had low levels of personal hygiene compliance (see Chapter 5). 
Observations of hand washing results showed that on average each fish handler had about 
45 to 51 hand contamination events in 230 actions during their work within one hour. 
However, only 0.1% to 9.0% of hands contamination events were resolved by washing 
hands or changing gloves. Of this small percentage who implemented some form of hand 
washing procedures, these did not even meet minimum government standards for hand 
washing procedures (see Chapter 4).  
Regarding protective working clothes, the results of the questionnaire survey 
showed that most of the fish distributors (76.7% and 85.0%) “rarely” used clean 
protective clothing and masks or caps, respectively. With respect to preventing 
contamination from illness of fish distributors, more than 90% of fish distributors did not 
implement adequate responses if they were infected with skin disease or symptoms of 
sore throat with fever (see Chapter 5).      
Cleaning and sanitising practices 
Unhygienic containers, tools, and work surfaces were another source of fish 
contamination. Pathogenic bacteria can accumulate on the surfaces of tools, containers, 
and equipment and infect food (de Wit, et al., 1979; Gent, et al., 1999; Harrison, et al., 
2003). The observation showed that the average number of times of contamination for 
tools and work surfaces in a fishing port and fish markets as 15.30 times and 36.69 times 
per hour, respectively. However, during this study, the actual number of times observed 
 186 Chapter 6: Discussion of contamination mechanisms and recommendations for fish safety strategies 
to attempt to clean these surfaces and tools was only 1.03 and 2.94 times, respectively 
(see Chapter 4). The questionnaire showed that 60.6% and 58.3% of fish distributors 
“rarely” used detergent/ disinfectant/ sanitizer for cleaning fish containers, tools, and 
work surfaces when dirty and after work, respectively (see Chapter 5). 
 Solid waste and waste water disposal practices 
Waste and waste water are critical contaminant sources for all observed places in 
this study. Observations using the checklist of this study (see Chapter 4) revealed that the 
waste and waste water were seriously non-compliant with government regulations in 
fishing ports and fish markets and non-compliant in fish establishments. The reasons for 
this status are that none of the surveyed places in DSDCs properly implemented hygienic 
procedures for waste or waste water management. Solid waste surrounding the fishing 
ports or establishments and vending sites that lies uncovered, can attract insects, rodents, 
and animals which can support the transfer of pathogenic bacteria to food. In some fish 
markets and fishing ports, waste water flowed over on to the floor, and such overflowing 
could contaminate the fish easily through fish containers or tools that were usually placed 
on the floor.  
6.1.1.2. Fish handling practices 
Preparation practices 
One of the most important requirements for fish preparation practices, including 
sorting, weighing, and displaying, is to control time and temperature. The observation 
results showed that all of the fish preparation stages in the DSDCs violated time and 
temperature control (see Chapter 4) recommendations. The violating of these supports 
encouraged bacteria survival or growth, allowing them to produce spores and toxins such 
as histamine on the fish.    
Additionally, improper ways of working with the fish such as putting fish on the 
floor or ground, and physically damaging fish, can increase the risk of contamination of 
the fish. The survey reported that 45% of fish distributors often put the fish on the floor 
(see chapter 5); furthermore, it was noted that fish distributors always use inappropriate 
containers such as bamboo baskets to hold the fish, which can cause physical damage to 
the fish and raise difficulty in cleaning the containers (see Chapter 2 and 4). The number 
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of open sites on the outer skins of fish may increase favourable conditions for bacterial 
attack and spread. 
Storage practices 
Storage practices in DSDCs are mostly implemented at fish traders’ establishments 
while the fish are waiting for transportation, and at fish markets for displaying the fish 
product. Inappropriate time and temperature control were the main problems at this stage. 
The observations showed that most of the fish were stored and displayed at temperatures 
higher than 4
0 
C for long periods. Typically, the fish were always displayed for more than 
8 hours at about 10
0 
C in fish markets (see Chapter 4). Moreover, inappropriate materials 
and design of fish containers made it difficult to maintain temperatures and cleanliness 
(see Chapter 2 and 4).        
Transporting practices 
Poor hygiene conditions in the modes of transportation were also sources of 
contamination risk. The inappropriate modes of transportation included such things as 
handcarts, motorbikes, and open vans that were not designed for the transport of fish, 
making it difficult to maintain the temperature of the fish properly. The status of 
temperature control in transporting practices was similar to that in storage practices: the 
temperatures were always over 4
0 
C (see Chapter 4), which increased the chance of 
pathogenic bacteria surviving and growing.  
6.1.1.3. Operating infrastructure condition  
Location, buildings and facilities at fishing ports, traders’ establishments, and fish 
markets may be potential contaminant sources for fish.  
Location 
The results of the location observation checklist showed that most of the surveyed 
places were located inadequately. Biological hazards that arise via insects, rodents, and 
animals infestation that is due to the unclean surroundings of trading places in DSDCs, 
may be contaminant sources for fish (see Chapter 4). 
Buildings  
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The general results of observations using checklists for buildings revealed that 
drainage systems and floors and walls remained serious challenges at most surveyed 
places. Most of the sub-items in the drain items and floors, walls and roof items of the 
checklists, which were evaluated as non-compliant, may cause contamination of fish via 
waste water in small pools on the floors and dirt accumulated in the pillars and walls (see 
Chapter 4). 
 Facilities 
In the results of the observation sections, basic sanitation facilities were evaluated 
as non-compliant or seriously non-compliant with government regulations. Facilities for 
hygiene systems such as toilets, hand-washing stations, and sanitising stations and water 
and ice supply systems were insufficient and unhygienic at almost of all the places 
surveyed. 
6.1.1.4. Microbiological quality of fish on the fish boats after being caught 
The microbiological quality of raw fish that were stored in the fish boats before 
entering the DSDCs is important for fish safety as microorganisms can persist or increase 
in number through multiple stages of the DSDCs. Based on the data from this study and 
on the literature review, it can be speculated that the microbiological quality of fish that 
enter the DSDCs is not high.  The microbiological quality of fish in this study showed 
that 41.67% of 60 fish samples from fishing ports were non-compliant with national 
microbiological standards for fish in Vietnam (see Chapter 3). The low microbiological 
quality of fish input may result from: ineffective fish safety management in fish boats; 
ineffective food safety management, such as no labels for any fish batch; no checking of 
microbiological quality of any batches from fish boats at fishing ports; lack of motivation 
in enforcement of fishermen to maintain hygiene and safety for fish in the fishing boats. 
Furthermore, several studies have ascertained that the level of hygiene and food safety of 
fish in the fishing boats was of concern (Nguyen, 2005; Tuong, et al., 2009). Therefore, 
fish which are contaminated prior to entering the DSDCs are difficult to identify and 
control when they enter the chain. These fish then may become unreliable sources that 
can be one of the potential contaminant sources for the fish of the DSDCs. 
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In overall, data from potential contamination sources or areas in the DSDCs and 
consideration of the feasibility of improvement of these sources identified that 
microbiological contamination for fish results from solid waste and waste water. These 
sources are critical contamination sources for local retail markets. Compliance for waste 
and waste water was the lowest in all survey places along the DSDCs (see section 4.1). 
Chapter 4 also showed that high risk for hand contamination among fish distributors, and 
their tools and working surfaces. Improving solid waste and waste water disposal practice 
and investment for facilities treated with solid waste are the easiest way to handle and 
manage compliance. Training for waste disposal practice is not difficult and investment 
in waste treatment facilities such as bins and inside drainage system can be affordable for 
small fish business. Therefore, improving disposal practices of solid waste and waste 
water should be place as the first priority in the food safety strategy for the DSDCs. 
6.1.2  MAIN FACTORS THAT INFLUENCE CONTAMINANT SOURCES 
6.1.2.1. Physical environment factor 
The current physical environments of the DSDCs has shown that inadequate 
infrastructure conditions directly affect safe handling practices of fish distributors. The 
results of the checklist survey revealed that inadequate infrastructure is constantly subject 
to the element of risk, and impacts directly on workers and fish by increasing 
contamination risks from unhygienic practices. The results of observation using 
Notational Analysis showed that the main reasons for high frequencies of contamination 
of workers’ hands and tools and work surfaces arose from unhygienic conditions 
surrounding fish distributors (see Chapter 4). Food safety research suggests that the 
employees’ food safety attitudes and behaviours can be hindered by inadequate 
infrastructure (Ehiri, et al., 1997; Green, et al., 2007; Greig, et al., 2007; Mitchell, et al., 
2007; Seaman & Eves, 2006; Todd, et al., 2010). The qualitative results and observation 
results of the current study support the existing research as they revealed that 
infrastructure and facility problems are major barriers to implementing personal hygiene 
and safe fish handling practices. The workers in the chain are usually facing a lack of 
resources for implementing seafood safety practices. To improve food safety behaviours, 
physical work-site conditions must be taken into consideration. At a minimum, 
management must invest in the physical environment, including infrastructure, facilities, 
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tools and supplies that personnel need in order to follow food safety standards. Lack of 
professionalism and interest in investment may be the main reasons leading to inadequate 
infrastructure and the inappropriate physical environment. Based on the results of this 
study regarding the physical infrastructure as well as availability of facilities (e.g. potable 
water supply) (see chapter 4), it can be revealed that investment and manager 
commitment to food safety of the DSDCs are at low levels. Thus, improving physical 
environments should be considered in order to enhance the commitment from managers 
of fishing ports, other establishments, and fish markets concerning the food safety of the 
DSDCs. Management commitment is essential for investment and maintaining an 
appropriate physical environment. The strategies for improving the physical environment 
should be included in the development plan as the key section to be actioned by the 
government and fish industry. 
6.1.2.2. Food safety management factors and legal aspects of food safety factors 
Managers’ support for the necessary facilities, equipment, and supplies directly 
affect behaviours of fish distributors. Effective food safety management systems can 
provide an organisational infrastructure that supports food safety practices through 
qualified food safety personnel and provision of suitable food safety programs to meet 
requirements of food safety regulations. The positive food safety personnel could 
encourage fish distributors to view food safety as their own responsibility and they could 
provide recognition/rewards for food safety initiatives. Effective food safety management 
can also provide the physical and technical resources, as well as infrastructure, needed to 
implement food safety practices.  
Food safety management systems were important factors identified in this study as 
influential for fish safety in the DSDCs. The findings of this study show that most fish 
businesses or fish enterprises did not have effective food safety management systems in 
place. The ineffective food safety management systems were evidenced through the 
weakness of management commitment to food safety and role modelling of food safety 
practices. The inadequate physical environment and infrastructures and serious non-
compliance of documents related to the food safety of DSDCs, were clear indicators of 
the weakness of managements’ commitment to food safety (see Chapter 4).  Furthermore, 
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regarding food safety personnel or role modelling of food safety practice, the results of 
this study revealed that 83.9% of fish distributors responded that they had never seen 
managers pay attention to food safety, 78.9% of fish distributors were “never” 
encouraged to implement safe food practices by managers, and 87.4% of fish distributors 
reported that they did not know of the existence of any food safety procedure manuals at 
all (see Chapter 5). The findings also reported that all of the trading places had serious 
non-compliance in terms of fish safety procedures due to ineffective food safety 
management systems. One of the important requirements for fish safety procedures is 
recall and traceability; there were no labels found in fish batches received from fish boats 
(see Chapter 2). If the fish are contaminated, there is no way of tracing them once they 
have been traded. 
The absence of effective management systems has resulted in low levels of 
knowledge about food safety and hygiene among fish distributors, which leads to 
time/temperature abuse and non-compliance of food safety and hygienic practices in the 
DSDCs. The research results showed that no fish distributors (100%) had any formal 
training in food safety and hygiene (see Chapter 5). No formal training about food safety 
and hygiene resulted in low levels of knowledge of food safety principles and 
requirements for fish distributors. Fish distributors with low levels of knowledge of food 
safety practices are over-familiar with unsafe and unhygienic handling practices, which 
leads to non-compliance being overlooked. The low levels of enforcement or the 
disregarding by managers of food safety issues are the main reasons for the existence of 
this non-compliant situation.  
The factors contributing ineffective systems of managing food safety in the fish 
business within the DSDCs were mainly the weakness in enforcement and support from 
inspectors/authorities or the Vietnamese administration. Some regulations for the DSDCs 
have been drawn up to ensure fish safety implementation, such as QCVN 02-
12:2009/BNNPTNT “Fishing Port – food hygiene and safety assurance conditions”, 
QCVN 02-10: 2009/BNNPTNT “Aquatic product purchases – Food hygiene and safety 
assurance conditions”, and QCVN 02-11:2009/BNNPTNT “Fish market – Food hygiene 
and safety assurance conditions”. The local authorities/inspectors have responsibilities 
for disseminating information and training workers in the application of food hygiene and 
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safety assurance methods for examining and inspecting aquatic food hygiene and safety 
at fishing ports, fish markets and fish trading establishments. Routine fish business 
inspections are intended to prevent fish-borne illness by ensuring compliance with 
regulations of safe seafood handling. However, the results of this study have shown that 
the routine inspections and enforcements from inspectors/authorities may be 
questionable. It was found that 78.3% of fish distributors never saw food safety 
inspectors/authorities visiting their workplaces (see Chapter 5). Many participants in 
focus groups indicated infrequent or no visits from inspectors/authorities (see Chapter 5). 
“I have never seen inspectors/authorities coming to inspect food safety conditions in my 
places since I worked here” (FCR_KH).  
These low levels of enforcement or disregarding of authorities leads to the 
managers of fishing ports, fish establishments, and fish markets making conscious 
decisions not to comply with food safety legislation, and most fish distributors are likely 
to ignore or not understand food safety requirements. 
Alongside routine inspections, the Vietnamese legislation requires 
inspectors/authorities to be involved in the administrative enforcement mechanism with 
persuasive measures such as training or coaching. However, the above discussion 
highlighted that all fish distributors (100%) in the survey had no training for food safety 
and hygiene. This evidence may conclude that particular enforcement authorities or local 
government authorities who are responsible for enforcing the food safety regulations for 
the DSDCs, did not fulfil the requirements of legislation. Several studies about food 
safety indicated that poor routine inspections and lack of training for food handlers were 
likely to result in food-borne disease outbreaks (Irwin, Ballard, Grendon, & Kobayashi, 
1989; Miguel, Cruz, Dolores, Katz, & B., 2001). Furthermore, in the focus group study of 
the present study, it was found that the owners of fish trading establishments and fish 
traders, whose businesses were inspected by inspectors/authorities, had no trust in the 
inspectors. Several owners and fish traders said that the inspectors were inconsistent in 
their requests for compliance with regulations. For example “There are some holes in the 
cement floor in my establishment for long time, last time visiting my establishment, they 
did not say anything, but this time, they ask me to fix it. My friend’s establishment has a 
worsen floor but no inspector tell them to fix it”(FCR_KH). Many participants in focus 
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groups complained that “Inspectors have to find a mistake anyway, however good your 
places are” This mistrust may be caused by inspectors/authorities being inconsistent and 
acting both within the individual fish businesses and between businesses. This can be 
detrimental because, as a result, most owners of fish businesses are likely to ignore the 
requirements of the seafood safety regulations. 
     Regarding the food safety regulations, there was a widespread perception among 
managers within the DSDCs that the requirements raised by regulations of food safety 
authorities were “petty” and “irrelevant” with regard to raw fish products. However, in 
reality, the food safety authorities claimed that fish safety regulations were wide ranging 
and needed to be more detailed. The different views between managers and authorities 
may reflect that the requirements of regulations are not suitable to the current situations 
of the DSDCs and the existing regulations may not accord with effective supports and 
communication between regulation makers and fish businesses.  
Another weak point in the legal framework reported by food safety authorities was 
that there is no legal framework for mandatory application of food safety management 
tools by fish businesses within the DSDCs and, therefore, fish quality control involves 
traditional end product testing that is implemented through inspection programs. The 
food safety expert indicated that “The main drawbacks of traditional quality control 
methods are that it is costly to test products and time consuming” (Ministry of Health, 
2009). They also reported that the current problems of responsibilities for the food safety 
of the DSDCs were related to the overlapping fields of actions among different 
authorities (Ministry of Health, 2009). Perceptions of the ineffectiveness of enforcement 
are reported consistently in the domestic fishery industry in Vietnam. These issues have 
been raised in food safety annual reports as one of the limitations in the government food 
safety administration and also in several other studies (MARD, 2008; Tran, 2013). 
The ineffectiveness of enforcement and low levels of management’s commitment to 
food safety, impact directly on fish businesses within the DSDCs. This means that 
regulation requirements are seen as irrelevant to the business of fish safety. In turn, the 
fish businesses within the DSDCs do not have the motivation to implement fish safety 
requirements and do not view compliance with food safety regulations as an integral part 
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of their business operation. As a consequence, fish distributors have limited food safety 
knowledge and work under substandard hygiene conditions. Thus the raw fish of the 
DSDCs are subjected to risks and hazards. 
6.1.2.3. Consumer factors 
Other factors that influence motivation for improving fish safety come from the 
consumer. This study (see Chapter 5) has shown that consumers have significant 
influence over the practices of fish distributors. The fish businesses in the DSDCs have 
direct contact with consumers, thus, the consumers can be very strong drivers for change 
in the food safety behaviours of fish distributors. However, when consumers do not 
recognise food safety issues properly, it is unlikely that fish distributors will be driven to 
implement food safety practices. This study explored consumers’ perceptions by 
surveying fish distributors and reported that the consumers were “never” or “rarely” 
(60.0% and 28.9% of total respondents, respectively) concerned about food safety and 
hygiene of raw fish. This revealed that large proportion of the distributors believed that 
consumers were not concerned about seafood safety. Regarding the question about 
consumers returning of fish because of food safety problems, the answers of respondents 
were 58.9% with “never” and 37.2% with “rarely” (see Chapter 5). Unawareness of the 
food safety requirements for fish safety means that the consumer will accept the current 
fish safety situations that are inadequate in terms of personal hygiene and the hygiene 
practices of fish distributors.   
In the current situation of high contamination of fish in the DSDCs, these results 
may show that consumer awareness of fish hygiene and safety is limited. Therefore, it 
may be a barrier to improving food safety for the DSDCs. Education in this regard will be 
one of the strong driving forces for improving food safety in the DSDCs. The role of 
consumer associations should be increased in order to develop their more independent 
and constructive voices in the future. 
6.2 OVERVIEW OTHER FOOD INDUSTRIES 
In Vietnam, inadequate environmental and food safety protection is not confined to 
seafood supply chains, but also reported widely for fruit and vegetable and meat supply 
chains. According to a report by Vietnamese Food Administration (VFA, 2015), the 
  
Chapter 6: Discussion of contamination mechanisms and recommendations for fish safety strategies 195 
analysis of marketed foodstuffs from 2007 to 2013 revealed that the highest proportion of 
poisoning was from fruits and vegetable (23%), seafood had the second highest 
proportion (13.7%), and meat had third proportion (9.3%) of poisoning-related food-
borne illness. Consequently, Vietnamese consumers are anxious not only about safety of 
seafood but also about vegetable and meat.  
The public’s awareness of food safety problems in term of the residues of agro-
chemical and biological contamination in fruits and vegetable is high (Gerber et al, 2014; 
Wang et al, 2012; Pham et al, 2009; Mergenthaler et al, 2009a,b). The traditional supply 
chains of fruit and vegetable are complex and diverse and include various direct and 
indirect linkages, such as wholesalers, transporters, and retailers involving between 
farmers and consumers (Naziri et al, 2014; Moustier et al, 2010). Thus, food safety 
monitoring has become a challenging task. Several studies identified that lack of capacity 
from government and inadequate facilities in markets and from wholesalers and retailers 
make it ineffective to control fruit and vegetable safety (Gerber et al, 2014; Wertheirm-
Heck et al, 2014; Wang et al, 2012 Mergenthaler et al, 2009a); Several researchers 
pointed out that unsafe fruit and vegetable are due to improper practices of farmers such 
as poor management of fertilization and application of pesticides and inadequate hygiene 
practices of wholesalers and retailers in wet-markets (Wertheirm-Heck et al, 2014; 
Moustier et al, 2010; Pham et al, 2009). Wertheirm-Heck et al, (2014) found that fruit and 
vegetable retailers lack knowledge of food risks and biological contaminations. They tend 
to assess food safety of fruits and vegetables on what it looks and smells like. Pham et al, 
(2009) reported the difficulty in finding incentives for conventional vegetable retailers to 
improve safe vegetable retailing. Up to 71% of vegetable retailers did not consider 
changing their current situation which may account for frequent reports of vegetable 
poisoning. Pham et al, (2009) also pointed out that vegetable producers for the supply 
chain have gaps in food safety knowledge thinking simply that the “dirt” of vegetables 
could be removed by careful cleaning. In general, given review of studies within the food 
safety of fruit and vegetable industry, it indicates that the prevailing situation of 
inadequate facilities and limited food safety knowledge of food operators could not 
deliver the level of safety required to satisfy public health goal. 
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Regarding food safety in the meat industries in Vietnam, several studies reported 
that contamination of popular meat such as chicken and pork occurred all along the 
supply chains – anywhere from farm to table (Henderson, 2014; Nguyen et al, 2013; 
Lapar et al, 2009). The levels of microbiological contamination in raw pork and chicken 
meat were much higher than the Vietnamese government’s acceptable standards. The 
most common explanations for the spread of bacterial pathogens are improper practices 
and the poor conditions of facilities in the transportation and processing stages (Ta et al, 
2014; Henderson, 2014; Luu, 2013; Ta et al, 2012; Truong, 2009). Henderson, (2014) 
suggested that a good starting point for food safety management would be to target 
slaughterhouse workers’ hygiene practices (e.g. focusing on hand washing), Ta et al, 
(2014) indicated that improper storage of raw meat from retail markets were common 
culprits. Although, to my knowledge, there are no studies about food safety knowledge of 
meat handlers in meat industry, there are several reports on improper practices of food 
handlers. Therefore, it may be assumed that meat handlers have a gap in food safety 
knowledge and practices. Better trained slaughterhouse operators, carcass transporters 
and retailers within meat industry are necessary. 
Overall, it could be concluded that the current food safety situation of the fruit and 
vegetable supply chains and meat supply chains have similar problems with the DSDCs. 
The lack of facilities, limitation of food safety knowledge, and improper practices in 
these food industries are common reasons for contamination and provide unsafe food to 
consumers. Therefore, broader efficient strategies for improving food safety in the food 
industry in general should be developed and implemented in order to decrease the risks 
and incidence of food-borne illness for consumers in Vietnam. 
6.3  RECOMMENDATIONS FOR IMPROVING FISH SAFETY IN THE 
DSDCS 
It has been recognised that fish businesses in the DSDCs, as small businesses in 
developing countries like Vietnam, may have greater difficulties in improving food safety 
than those in other developed countries. However, to ensure fish safety and to protect 
consumers against fish-borne diseases, the food safety management of the DSDCs should 
be strengthened and effective preventive measures at each stage need to be applied. An 
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important consideration in improving fish safety in the DSDCs is a need for full 
stakeholder involvement, including government, industry, educational institutes, 
consumers, the media, and independent experts and their acceptance of their roles in 
assisting the DSDCs to overcome current barriers to implementing food safety strategies. 
Therefore, based on this study, some recommendations are made for improving fish 
safety in the DSDCs in Vietnam. 
6.3.1  DEVELOPING GUIDELINES ON APPLYING FORMAL FISH SAFETY MANAGEMENT 
SYSTEMS  
To implement improvements in fish safety and help fish businesses to manage 
hazards, Vietnam should develop effective food safety management systems for the 
DSDCs. Effective food safety management systems such as Hazard Analysis Critical 
Control Point (HACCP) have been applied in many seafood export enterprises effectively 
in Vietnam (VASEP, 2011). Seafood safety guides such as Good Hygiene Practice (GHP) 
and HACCP that have been developed for the export enterprises, could be adapted for 
small businesses in the DSDCs. The strategies for applying HACCP in small or less-
developed food businesses were published by FAO & WHO (2006), World Health 
Organization (1999), and EC-ASEAN (2005) may be frameworks for developing the 
guidelines for the DSDCs. Additionally, the International Commission on 
Microbiological Specifications for Foods (ICMSF) has proposed a Food Safety Objective 
(FSO) target for operational food safety management to be met by different food chains 
(Gorris, 2005; Schothorst, 2005) and it could be a reference for developing frameworks 
for the DSDCs.  
Current food safety management by the Vietnamese government focuses only on 
the control of hazards within the DSDCs, rather than on the control of risks to safe food. 
The government has also limited the availability of valid on-line monitoring parameters 
and skilled manpower. Therefore, the plans for introducing FSO to the DSDCs may need 
further study to understand the major challenges facing the governments. 
In reality, informal supply chains like those in the DSDCs may raise difficulties for 
fish businesses at both the technical and organisational levels to apply HACCP. 
Therefore, the programs involving full HACCP systems such as risk assessment and 
internal audit may not be suitable to introduce to the DSDCs. However, the HACCP 
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plans can be used as guides to determine problems and solutions, for example, using a 
part of HACCP to identify critical control points along the DSDCs and control single 
sources of hazards, such as time and temperature control at local retail markets.  Some of 
the first preparation activities prior to applying HACCP, include (1) proper preparation 
and planning, (2) trained fish distributors, (3) increased belief in the approach by all 
people who participate to the food safety strategy, and (4) a shared commitment to food 
safety. Training is an important step to increase overall understanding of what is involved 
in improving food safety. Training may be provided by people who are not HACCP 
experts. They could be lecturers, hygiene trainers, and regulators who have practical 
knowledge and personal experience in the industry.  
In the initial stages of these fish safety strategies for the DSDCs, generic HACCP 
plans for the DSDCs may be based on a systematic application of traditional parameters 
of good practice (often described as ‘Prerequisites programmes’) (Raspor, 2008) such as 
Good Hygiene Practices (GHP) and Sanitation Standard Operating Procedures (SSOP) 
and existing national regulations rather than on an assessment of fish-borne risks to the 
consumers. GHP and SSOP represent systems associated with food safety and/or quality. 
GHP is considered the minimum sanitary and processing. These practices take into 
consideration plant layout, equipment design and operation, and employees’ hygiene 
practices. SSOP usually accompany GHP as an additional step for advanced quality 
control.  The small businesses, like middlemen traders and retailers in the DSDCs, should 
be required to gain registration with minimum GHP and SSOP requirements. Following 
this, fish businesses in the DSDCs can implement prerequisite programmes so that they 
can be ready for HACCP implementation. 
In addition to developing the food safety programs for fish businesses, the 
guidelines need to be presented in such a way as to aid the implementation of prerequisite 
programmes. The domestic seafood safety guidelines should include coordination 
involving all stakeholders such as fish businesses, food safety authorities, and consumer 
groups in which case they need a common understanding between all parties. The 
Guideline on applying formal fish safety management systems should also be developed 
for a considerable range of business types within the DSDCs, including wholesalers 
(traders), retailers, and fish handlers. Local cultural customs and practices in different 
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areas in Vietnam should be explored when applying the guidelines. The guidelines need 
to be practical and as user-friendly as possible for fish distributors with limited financial 
support and technical skill. 
The last stages of developing the guidelines may be publication. It would be ideal if 
the guideline were to be published as national standards which are able to gain a 
consensus from all stakeholders. When the guidelines are considered as a legal 
requirement, it will persuade the fish businesses in the DSDCs on applying formal fish 
safety programs by proper lines of enforcement. In addition, the development of a 
framework to promote fish businesses applying the new fish safety programs should be 
necessary in order to make strong force to stir all fish businesses within the DSDSs.  
Regarding challenges to applying the generic HACCP plans for the DSDCs, 
financial constraints are the main challenges for both governments and seafood 
industries. On the other hand, when considering the cost of public health from seafood-
borne diseases, workplace absenteeism, and affecting the performances of food exporting 
sectors. The government should be able to recognize that financial investments in the 
food safety of the DSDCs may save more money than letting the current situation persist. 
The owners of fish businesses within the DSDCs should also consider the potential long-
term savings when applying effective fish safety programs, by not only increasing the 
good reputation of fish quality with consumers, but also by reducing the cost of potential 
litigation that must follow fish poisoning incidents. Therefore, the balancing of the costs 
and showing the benefits of improving fish safety for the DSDCs, must be supported by 
government and trade associations.        
6.3.2  EDUCATION AND TRAINING 
Education and training are critical needs for different groups of people in the 
domestic fish sector. For improving fish safety of the DSDCs, education and training 
must be emphasised for three groups of people who are directly related to the DSDCs 
inspectors, distributors, and consumers. Figure 6-3 presents the main contents of 
education and training programs for the DSDCs. 
 Training for fish safety inspectors 
 200 Chapter 6: Discussion of contamination mechanisms and recommendations for fish safety strategies 
Fish inspectors should be in place to check fish business distributors’ compliance; 
thus the inspectors should have expertise not only in food science or food technology, but 
also in inspection skills and they should have handling practice knowledge. They can 
evaluate the safe fish handling practices and hygiene practices of fish distributors. 
Furthermore, they need to determine potential hazards in safe fish-handling and 
recommend solutions for the fish distributors. If new food safety programs are to work, 
the inspectors must be the pioneers. Therefore, fish inspectors need to be trained in order 
to update their skills and knowledge. Training topics for the inspectors may include the 
following, but not be limited to them: inspection techniques, fish handling knowledge, 
safety and hygiene practices, and HACCP knowledge. They should also be trained to 
design fish safety programs such as good handling practices (GHP), good storing 
practices (GTP), good retail practices (GRP), and Sanitation Standard Operating 
Procedures (SSOP) for the fish businesses in the DSDCs. They must be educated in the 
skills and knowledge necessary to assess the effective new fish safety programs in fish 
businesses such as GHP, GTP, rather than depend mainly on traditional inspection 
methods. National governments and sub-agents and bodies must assume the main roles in 
training the inspectors about new fish programs and in updating their skills and 
knowledge. 
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Fish distributors are major, central groups in the DSDCS for training and education. 
Training programmes should include fish traders (owners of business), fish handlers, and 
fish retailers. The chief purposes of training are behavioural changes, not just a focus on 
knowledge. Training and education topics for fish distributors may focus on safety 
knowledge, safety and hygiene practices, hazard analysis knowledge, and responsibility.  
For successful food safety training for fish distributors within DSDCs to be 
realised, the challenges of these businesses due to their size (one person or by a small 
group of people), low levels of food safety knowledge and literacy and financial 
limitations must be understood by trainers and authorities. The government and fishery 
industry must have responsibility to facilitate the availability and delivery of appropriate 
training to the DSDC sector.  
The initiatives of food safety training for fish distributor in the DSDCs may 
include: 
Short formal and informal training should be provided for DSDCs business 
organised on a local and regional basis. The national government and local government 
must sponsor formal training courses provided by selected commercial entities or 
education institutions. Food safety training for fish distributors may be implemented in 
stages starting with voluntary attendance at training and progressing to mandatory 
training. Voluntary and mandatory programs can also be conducted in parallel. Training 
may need to be delivered flexibly such as on-site training and internal training. This is 
best undertaken on-site at the fish distributor’s work places and may form part of the 
introduction to the job training. The authorities should work alongside training 
organizations to support the training (encompassing on-site assessment of fish 
distributors to determine the fish distributor’s competency). In the case of fish distributors 
working in remote areas, the governments should sponsor experts to travel to these areas 
and provide in-house advice and training specific to the DSDC business. 
  
Once the training approach is adopted, the contents of training should take into 
account the limitations of food safety knowledge and literacy of trainees. Fish distributors 
mostly have never been trained in even basic food hygiene and safety; Training should 
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therefore be provided which integrates basic hygiene and new food safety programs 
conforming to national regulations. Training should be more practical (i.e. 
demonstrations) rather than theoretical. The local language and culture need to be taken 
into account. Trainers should provide clear advice and clarify the seafood safety 
concepts. The provision of guidance and information in the form of manuals, short 
booklets, or videos may be valuable for raising awareness of seafood safety for fish 
distributors.   In addition to training knowledge and practice, education for food safety 
responsibility and regulation obligations of food distributors is necessary. Fish 
distributors should understand their roles in food safety improvements and public health. 
Lastly, training should also include evaluation of learning outcomes. 
Educating consumers 
Consumer awareness of food safety can pressure the fish distributors and promote 
the demand for safe food and appropriate control systems (FAO & WHO, 2006). 
Education for consumers may focus on safety awareness, safety knowledge and practices, 
and responsibilities. The fledgling nature of consumers of the DSDCs tends to place 
education as the priority and the early stage of the strategies. Understanding food safety 
knowledge and practices, means consumers can make sure that the fish are safe or unsafe 
via the hygienic performance of fish distributors. They may then tend to buy the fish at 
clean and approved shops.  Furthermore, consumers themselves can cause cross-
contamination and get poisoning through preparation of seafood at home. However, if 
educated about food safety, consumers are able to take an active role in protecting 
themselves from fish-borne disease. A high recommendation for consumers is to cook 
seafood to proper temperature for specific time, which will kill most harmful biological 
hazards. The habit of raw fish eating among Vietnamese consumers needs to be changed 
by educators. The provincial government has a major role therefore to raise public fish 
safety awareness and provide logistical and financial support to help consumers obtain 
more food safety information. An effective strategy would be to utilise the mass media to 
educate about food safety knowledge and practice. 
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6.3.3 SEAFOOD CONTROL SYSTEM UPDATING 
The seafood control system needs to be updated and revised to ensure its continual 
relevance and that it pays sufficient attention to the factors which actually causes fish-
borne illness. The current seafood safety control in Vietnam has tended to focus on the 
general infrastructure, facilities and cleanliness of fish premises. The new seafood control 
system should focus on prevention of risks of fish-borne illness and control of all aspects 
of seafood chains, both direct and indirect, in the DSDCs. The new seafood control 
system should ultimately be mandatory in preventive focus and risk-based approach in 
both implementation and enforcement. The priorities of the seafood control system needs 
to be strengthened and updated in the following key components: seafood legislation; 
seafood control management; data on seafood safety; inspection services; health 
promotion and training; research data driving policy. The national government should 
include strengthening seafood safety systems in overall national development plans and 
health policies, in order to systematically and scientifically re-orient the fish industry 
from regulation to self-compliance. 
6.3.4  TECHNICAL SUPPORT 
Most of the fish businesses in the DSDCs are small businesses or family-run 
businesses and operate according to the traditional methods for fish handling, thus they 
may have difficulty obtaining scientific information. External support offered by the 
government or by industry/trade associations, is necessary for them in developing sound 
hazard assessment and for identifying appropriate ways to implement new food safety 
programs in their own situations. Technical support should include databases on national 
fish poisoning statistics, biological hazards, sector-specific generic guidance to 
businesses and other materials that are not readily published (Jirathana, 1998).  
6.3.5 IMPROVING INFRASTRUCTURE AND FACILITIES 
The DSDCs have experienced inadequate infrastructure and facilities; therefore, in 
order to achieve effective new fish safety programs, all levels of government and the fish 
businesses themselves should intensify their efforts to improve physical environments. 
Governments must have responsibilities for appropriate infrastructure such as safe water 
supplies and sewage facilities (World Health Organization, 1999). The fish businesses 
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have a role in ensuring adequate facilities inside establishments or premises, such as 
appropriately designed tools or equipment, clean work surfaces and containers.   
6.3.6 IMPROVING COMMUNICATION 
In order to ensure a common understanding between government, fish businesses, 
and consumers in terms of information about difficulties and the benefits of new food 
safety programs, specific guidelines, and consumer education, the channel for 
communication may be via industry/trade association, mass media, official inspectors, 
and trade press and exhibitions (World Health Organization, 1999). Effective 
communication between law makers, inspectors, and fish businesses can resolve the 
current problems that are related to the overlapping fields of actions among different 
government agents. 
6.3.7 INCREASING ENFORCEMENT  
One of difficulties that the government faces is how to increase enforcement for 
improving food safety, without driving out fish businesses in the DSDCs. Some solutions 
are possible.  
First, the control of a single source hazard is the type of enforcement that is more 
easily implemented when the DSDCs have inadequate infrastructure and facilities.  The 
regulators should take into consideration which critical stages or critical points along the 
DSDCs are significant sources of seafood-borne illness that should be targeted. The 
enforcement can be increased to control these points more easily than increasing 
enforcement for many points and items. Whatever method of increasing enforcement is 
adopted, it must be examined through a cost benefit analysis. 
Second, the government should emphasis sanitation investment, risk prioritization, 
education and training (see 6.2.2) and provision of information to consumers. 
Government should consider implementing technical support and improving 
infrastructure and the fish business invest for adequate facilities prior to increasing 
enforcement. Such investment can reduce the cost of food-borne illness, including 
lifetime medical costs and lost productivity (e. g. forgone earning).  
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Finally, the process of increasing enforcements should be divided into a series of 
steps, these step may include:  
- The authorities gradually implement enforcement by introducing it as part of 
holistic legal framework and giving sufficient time for fish businesses to comply with 
regulations.  
- A stepwise approach towards increasing enforcement by providing technical 
support programs designed to help fish businesses find and implement effective ways to 
comply with regulations at the least cost. Enforcement officers and inspectors also have 
an important advisory or educational role. Wide communication of regulation 
requirements and enforcements policy should be conducted in this step. The enforcement 
officers and inspectors can use information disclosure to consumers along the DSDCs to 
encourage the adoption of compliant practices by fish businesses. For example, awards 
and labels can be used to demonstrate compliance and good practice. Based on these 
positive signals to consumers, it could provide significant incentives to fish businesses 
that wish to preserve or build their market shares and reputation. 
6.4 CONCLUSION 
The goal of the domestic fish industry and government in Vietnam is to provide fish 
that meets fish safety standards, particularly, microbiological safety. The DSDCs play a 
critical role to ensure fish safety for consumers. However, the threat of domestic seafood-
borne disease is considered a serious problem in Vietnam. Furthermore, limited numbers 
of studies have been conducted to understand the DSDCs and find solutions to enhance 
food safety in the DSDCs. Therefore, this study conducted research to improve 
understanding of seafood safety in the DSDCs, including identification of 
microbiological quality of fish samples in the DSDCs; investigation of routes of 
microbiological contamination; evaluation of the level of food safety compliance with 
regulations in order to provide evidence of current food safety status of the DSDCs; and 
determinations of factors affecting food safety practices among fish distributors. The 
study also recommends strategies to enhance seafood safety within the DSDCs in 
Vietnam.  This current study carried out in southern areas of Vietnam in three target 
provinces including Khanh Hoa province, Ba Ria Vung Tau province, and Ben Tre 
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province to implement a description of the DSDCs and test fish samples collected from 
the DSDCs. A combination of observational surveys and qualitative and quantitative 
survey methodology was developed in order to assess the status of compliance with 
government regulation and identify main factors affecting the compliance of the DSDCs. 
The findings of the first stage of this study indicated that raw marine fish flow 
involves various operators and follows a varying number of stages, from fish landing to 
final consumers. The DSDCs were divided into four main stages: fishing ports, trading 
establishments, wholesale markets, and retail markets. The operations of the DSDCs were 
chiefly performed by human power, including sorting, weighing, icing and transportation; 
however, in the retail markets, the fish may be washed, scaled, and gutted. Small-scale 
operators dominate the DSDCs and are fragmented links; therefore this is one of the 
difficulties for the Vietnamese government in controlling the food safety standards of the 
DSDCs.  
Since the fishing port and fish market stages are important sites of contamination, 
the identification of levels of contamination is necessary. To address this, a comparative 
study of the microbiological quality of raw finfish in fishing ports and local fish retail 
markets with national microbiological standards was carried out. Overall, 42 and 39 
percent of samples from fishing ports and fish markets respectively, were classified as 
unacceptable, according to the microbiological standards of Vietnam. Based on these 
results, the finfish obtained from fishing posts and fish markets showed high 
microbiological contamination levels and high incidence rates of with pathogenic 
microorganisms. The results also revealed that the hygienic conditions in the environment 
where seafood is handled were problematic. 
Further assessments to find out the routes of contaminations of raw fish within the 
DSDCs were conducted, including assessment of physical environments; documents 
related to hygiene procedures; hygienic handling practices of fish distributors; and time 
and temperature control for raw fish. The assessment of the physical environment 
identified the non-compliance of infrastructure and facilities of all fishing ports, 
establishments, and fish markets. Serious non-compliance involved the hygiene 
procedures of most of the surveyed places, where waste and waste water management as 
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well as hygiene and sanitation were not implemented properly. The practices of fish 
distributors were also determined as high risk for contamination of raw fish. The findings 
showed that the temperature controls for almost all fish batches from fishing ports to 
retail markets were inadequate compared with the national regulations and international 
standards. The results provide the reasons for the high levels of microorganisms and high 
incidence of pathogenic microorganisms in raw fish.  
The research was also focused on identifying the factors affecting the food safety 
practices among the fish distributors of the DSDCs. Poor personal hygiene and unsafe 
handling occurred among almost all fish distributors. These potential contaminant sources 
may be the main reasons leading to the high microbiological contamination of the fish of 
the DSDCs. The findings indicated a lack of food safety knowledge and training, 
insufficient supervision, and ineffective fish safety management as the major factors 
causing, or resulting in, the inadequate physical environments and unhygienic practices of 
the fish distributors. The findings also revealed that the food safety awareness of 
consumers can be affected significantly by the food safety practices of the fish 
distributors. 
The results of this study support the assumption that the development of effective 
food safety management for the fish business of the DSDCs can be an important strategy 
for improving fish safety. In addition, effective food safety management, education and 
training, as well as improving infrastructure and facilities, may also be the keys for 
improving the food safety of the DSDCs. Application of improved food safety strategies 
can presumably decrease the risks and the incidence of fish-borne illness for consumers 
in Vietnam.     
6.5  LIMITATIONS OF THE STUDY AND FURTHER RESEARCH 
The findings of this study are subject to several types of limitations. Firstly, there 
are limitations in the particularities of the social and geographic characteristics of the 
survey sites as compared to other parts of Vietnam. The DSDCs of this study mainly 
focus on the popular distribution chains, including fishing ports, trading establishments, 
and fish markets. The study’s limits are that no surveys were conducted in the unpopular 
distribution chains involved at the water’s edge and in temporary fish markets in coastal 
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communities. Furthermore, this study has not included highland areas that may have 
different patterns and conditions of fish distribution.  
 Secondly, the present study is limited to research only from fish landing at fishing 
ports to the distribution to consumers at retail markets. Compliance with seafood safety 
standards during fish catching, fish storing, and fish handling on the boats has not been 
investigated yet. Therefore, the reasons for the low microbiological quality of raw fish for 
whole supply chains of domestic markets have not been assessed entirely. Further studies 
on compliance with seafood safety standards on the fish boats are warranted.    
The third limitation is the relatively small sample of participants and the limited 
availability of field surveys because of limitations of funding and the duration of the 
study for this PhD candidate. Thus, the data collected might not be entirely representative 
of the whole population of the DSDCs.  
Another limitation was imposed by constraints in testing the microbiological 
quality of the fish products. There was a relatively small sample of fish for testing 
because of limitations of funding and the duration of the PhD thesis. Thus, the data 
collected might not be entirely representative of the microbiological quality of the whole 
raw fish population within the DSDCs. Furthermore, although the testing was conducted 
and observed most of the time by qualified experts in the microbiological field and by the 
researcher at the laboratory in Nha Trang University, some preparation steps for the 
testing and treatment of samples were conducted by undergraduate students with limited 
experience. Therefore, there may have been errors in the results relating to 
microbiological quality. 
Limitations can be also found in Chapter 5 of this study due to the measurement of 
variables. Despite the identification of six important dimensions, the survey instruments 
did not capture all the factors that influence food safety practices. More qualitative work 
exploring factors affecting food safety practice among the fish distributors should be 
included in any future refinements of the survey tool. 
Further studies should directly survey consumers regarding their perceptions of 
seafood safety and their experiences in providing feedback to fish distributors if they 
encountered contaminated fish and/or experienced seafood-borne illness. 
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For the evaluation of microbiological quality, a future study should be conducted 
which  takes swabs from employees’ hands, working surfaces and their clothing for 
coliform and salmonella  spp. test to establish the sources of faecal contamination.  
Food safety regulation requirements, which include effective sanitary rules should 
be practised regularly. These should be followed by their strict enforcement to improve 
sanitary conditions and hygiene practices in the DSDCs. Although fish safety inspections 
are based on scientifically sound principles of food safety, there have been limited 
attempts to evaluate whether they really prevent fish-borne outbreaks. Therefore, further 
studies in these areas are needed. 
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APPENDIX 1-1: PRODUCTION OF SEA EXPLOITATION AND FINFISH 
EXPLOITATION (TONNES X 1000) 
Year Production  of sea 
exploitation 
Production of finfish 
exploitation 
2000 1660.9 1075.3 
2001 1724.8 1120.5 
2002 1802.6 1189.6 
2003 1856.1 1227.5 
2004 1940.0 1333.8 
2005 1987.9 1367.5 
2006 2026.6 1396.5 
2007 2074.5 1433.0 
2008 2136.4 1475.8 
2009 2280.5 1574.1 
2010 2414.4 1735.0 
2011 2304.0 1791.9 
2012 2676.2 - 
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APPENDIX 1-2: FINFISH CAPTURE IN COASTAL MIDDLE AREA, SOUTH-
EAST AND MEKONG DELTA AREA (TONNES)  
Year 2005 2006 2007 2008 2009 2010 
Total for 
country 









420400 424100 439500 448934 485700 516700 
Da Nang 26400 20000 26000 26636 31100 30400 
Quang 
Nam 
34500 35000 35900 36603 38100 39600 
Quang 
Ngai 
66600 66500 67000 68142 69900 78900 
Binh Dinh 83500 81700 86400 90677 100000 108800 
Phu Yen 30400 30500 31300 31887 33100 36400 
Khanh Hoa 56200 57600 59200 58986 66300 68700 
Ninh 
Thuan 
40300 42000 43300 44715 46300 51600 
Binh Thuan 82500 90800 90400 91288 100900 102300 
Total for 
South-east 
199300 202400 208500 211069 220300 227100 
Ba Ria – 
Vung Tau 
180800 184000 194000 199059 208600 211900 
Tp. Ho Chi 
Minh 




529100 538900 544100 562926 592282 615600 
Long An 2100 2100 2200 2290 1800 1900 
Tien Giang 51200 52100 52900 52180 51100 53500 
Ben Tre 53100 53400 53300 58000 59500 95000 
Tra Vinh 10400 12000 14700 14563 16100 24000 
Kien Giang 238300 246900 249000 253000 276682 252600 
Soc Trang 21800 22100 22500 23500 26600 24700 
Bac Lieu 46900 46400 51400 58111 57000 66500 






APPENDIX 2-1: GUIDED QUESTIONS FOR FISH TRADER 
 
Name…………………………………………. Date of interview…………… 
Address ………………………………………………………………………. 
Age………………………………………………Sex: ( ) Male or ( ) Female 
 
1. The number of worker                                Job permanent           Job casual  
In family………… people                             ………………          ………….. 
Employment……….people                          ……………….          ………….. 
 
2. Kinds of fish for trading: 
3. Kinds of fish container (PE bags, plastic boxes, tin boxes, Styrofoam (foam) boxes or 
bamboo baskets) 
4. Method of preservative in storage………………. 
5. Method of   preservative in transportation  
6. Method of preservative in loading time 
7. Activities after buying and before selling  
8. Means of transportation (motorbike, truck, van, refrigerated trucks) 
9. Whether or not register with local government  
10. Trading method 
 
 
Fish  usually is bought  percentage Place  Duration 
Directly from fishman or 
ship owner 
   
From middleman    
Task (sorting, weighing, washing)  
 
Fish usually is sold  Percentage  Place Duration 
Directly to consumer    
To middleman    
To retailer    
Task (sorting, weighing, washing, scaling)  
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APPENDIX 2-2: GUIDED QUESTIONS FOR AUTHORITY AND MANAGER 
 






1. Kinds of fish?  
2. Seasonality? 
3. Number of fish traders?  
4. Number of distribution line? 
5. Place and time of trading?  
6. Duration of trading? 




 APPENDIX 4-1: ON-SITE DOCUMENT REVIEW AND OBSERVATIONS FOR 
FISHING PORT 
 








A = Compliance, good or only minor deficiencies (no safety risk) 
B = Non-compliance (major or serious deficiencies, which could lead to a safety risk if 
not controlled). Any condition or situation rated as a B requires a plan or program for 
rapid improvement. Repetitive or cumulative B-ratings can lead to a critical situation. 
C = Serious Non-compliance. A serious non-compliance is a situation that poses an 
immediate risk of unsafe food being sold or if allowed to continue will result in unsafe 
food being sold. 
 
 
FISHING PORT ASSESSMENTS 




LOCATION AND BUILDINGS  
2.1.1; 2.1.2; 
2.1.3 
Location A B C  
 Appropriate for transportation and electricity supply 
and water 
    
Separated residential areas and waste areas, has good 
sewerage and waste water system 
    
 Building 
2.2.1; 2.2.2 Layout Layout and flow of goods and people allows easy 
cleaning and prevents contamination 
    
2.3.1 Pier are appropriate for fish handling and prevents 
contamination 
    
2.3.2 Road are appropriate for transportation (roads are non-
smooth, impermeable, hard-wearing) 
    
2.3.10 Parking areas are located appropriately (hard floor, and 
good drains) 
    
2.4.3 Petrol supplied areas are separated from fish areas 
(prevent contamination) 
    
2.3.5.a Rooms for chemicals and tools are separated from fish 
areas  
    
2.3.7 Waste water treatment are separated from fish areas 
and waste-water from petrol areas 
    
2.3.8 Hard-waste areas are separated from fish areas, 
convenient for cleaning and sanitising 




Foundations of pier are non-smooth, impermeable, 
washable, non-skid, not subject to rod, hard-wearing 
    
2.3.3.b Floors of fish receiving areas are non-smooth, 
impermeable, washable, non-skid, not subject to rod, 
hard-wearing 
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2.3.3.a Roof are hard-wearing and good ventilation     
2.3.6 Drains Drains are well designed, sufficient and maintained in 
good repair 
    
There is protection against back-siphoning, or other 
sources of contamination 
    




FACILITIES IN FISHING PORT A B C Note 
2.4.1 Ice and 
Water 
Store for ice is insulated, well designed, prevents 
contamination 
    
Equipments and tools used for ice are well designed 
and made of appropriate materials  
    
2.4.2.a Water is sufficient quantity and pressure of water 
available 
    
2.4.2.b Water storage facilities well designed and kept in good 
order and repair 
    
2.4.2.c Separation of potable and non-portable water     
2.3.3.c Taps and sinks are sufficient and convenient for fish 
handling 











Sufficient quantity of cleaning tools and equipment, 
well designed and kept in good order and repair  
    
2.5.1.c Shelves for storing cleaning tools and equipment are 
well designed and kept in good order and repair 
    
2.3.5.b Sanitizers were sufficient with clear labels; hand-wash 
soap or liquid is sufficient supply at hand-wash stations 
    
2.5.3 Containers for fish or working tables made of 
appropriate materials, in proper repair and well 
designed. 
    
2.5.4 Means of transport are well-designed for fish, easy to 
clean and kept in good repair – Food contact surfaces 
are made of appropriate materials 
    
2.5.4 Loading or unloading machinery is designed well, easy 
to clean and kept in good repair – Food contact 
surfaces are made of appropriate materials 





Toilets are sensibly located and in sufficient numbers 
and kept in good repair 
    
2.5.2 Hand-washing stations are in sufficient numbers, well 
designed, well located and kept in good repair; 
    
2.5.1.b Cleaning and sanitary stations for tools and equipments 
are sufficient, spacious and separated from fish areas 





Waste bins made of appropriate material and have lids      
Sufficient quality of waste bin for waste collecting     
2.3.7.b Waste water leaves the property in a condition that 
meets environmental laws 






2.4.1;2.4.2 Safety of water and ice A B C Note 
 Criteria are written down and are appropriate      
Monitoring procedure is written down, is followed and records 
are kept 
    
2.6.2 Cleaning and disinfection A B C Note 
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 Cleaning and disinfection methods (food contact and non-contact 
surfaces) are written down and are appropriate 
    
Monitoring procedure for cleanliness is written down, is followed 
and records are kept 
    
Who is responsible in fishing ports     
2.6.1 Personnel hygiene and health A B C Note 
 Personnel hygiene criteria (cleanliness, dress code) are written 
down and are appropriate  
    
Procedures to handle illness are written down and are appropriate     
Monitoring procedure for personnel hygiene and health is written 
down, is followed and records are kept 
    
Who is responsible in fishing port     
2.6.2 Prevention of  contamination A B C Note 
 Criteria to prevent contamination are written down and are 
appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fishing port     
2.6.2 Maintenance of facilities for personal hygiene A B C Note 
 Methods to maintain personal hygiene facilities are written down 
and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fishing port     
2.3.8.a Waste management A B C Note 
 Methods to handle sewage and processing waste are written down 
and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fishing port     
2.7 Recalls and traceability A B C Note 
 Methods to allow full traceability and recall of product are written 
down and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fishing port     
2.6.1.c Training A B C Note 
 Training policy and program are written down, are appropriate 
and followed 
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fishing port     
2.5.4;2.6.2.c Transport and storage A B C Note 
 Temperature and cleanliness criteria for transport and storage are 
written down and are appropriate 
    
Monitoring procedure is written down, is followed and records 
are kept 
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APPENDIX 4-2: ON-SITE DOCUMENT REVIEW AND OBSERVATIONS FOR 
FISH TRADING ESTABLISHMENT 
 




Facility Owner (company or person): 
 
Date of survey: 
Number of workers: Name and Title of Accompanying 
Individual: 
 
Fish species for trading: 
 
 
A = Compliance, good or only minor deficiencies (no safety risk) 
B = Non-compliance (major or serious deficiencies, which could lead to a safety risk if 
not controlled). Any condition or situation rated as a B requires a plan or program for 
rapid improvement. Repetitive or cumulative B-ratings can lead to a critical situation. 
C = Serious Non-compliance. A serious non-compliance is a situation that poses an 
immediate risk of unsafe food being sold or if allowed to continue will result in unsafe 
food being sold. 
 
 
FISHERIES BUSINESS ESTABLISHMENT ASSESSMENT 
Standard Ref. Requirements A B C Note 






Location     
 Condition of grounds outside the premise – appropriate 
for transportation and electricity supply and water 
    
Condition of the premise outside wall – specially 
separated waste areas, good sewage and waste water 
system 







Layout Layout and flow of goods and people allows easy 
cleaning and prevents contamination 
    
Non-food items are separated e.g. Chemicals, Ice 
shaving area  




Floors are non-smooth, impermeable, washable, non-
skid, not subject to rot, hard-wearing 
    
2.2.3 Roof and fence are hard-wearing     
2.2.4 Drains Drains are well designed, sufficient and maintained in 
good repair 
    
There is protection against back-siphoning, or other 
sources of contamination 
    








2.3.1 Ice and 
water 
Sufficient quantity of  water and ice and quality 
resources  
    
Water supply facilities are well designed, kept in good 
order and repair, easy cleaning 
    
2.3.2 










Cleaning tools and equipments are sufficient in 
numbers, well designed, well located and kept in good 
repair 
    
2.5.1; 2.5.2 Container for the fish made of appropriate materials, in 
proper repair and well designed. 
    
Tools and equipment (working tables) are designed 
well, easy to clean and kept in good repair.  
    
2.8.2b Ice grinders and containers are well designed and kept 
in good order and repair, made of appropriate materials 





Changing room are sensibly located, are well designed 
and kept in good repair  
    
2.2.6 Toilets are sensibly located and in sufficient numbers 
and kept in good repair 
    
2.2.5; 2.5.4; Hand-washing station and sanitizing stations are in 
sufficient numbers, well designed, well located and 
kept in good repair  
    
2.7.1 Sanitizers and detergents comply with Vietnamese 
standard (labels in Vietnamese) , Hand-washing soap 
or liquid is sufficient at hand wash stations,   





Waste bins are well designed (with lids) and kept in 
good order and repair  
    
2.3.5 Leaves the property in a condition that meets 
environmental laws 








2.3.1;2.8.2.b Safety of water and ice A B C Note 
 Criteria are written down and are appropriate      
Monitoring procedure is written down, is followed and records 
are kept 
    
2.9.1 Cleaning and disinfection A B C Note 
 Cleaning and disinfection methods (food contact and non-contact 
surfaces) are written down and are appropriate 
    
Monitoring procedure for cleanliness is written down, is followed 
and records are kept 
    
Who is responsible in establishment     
2.9.2 Personnel hygiene and health A B C Note 
 Personnel hygiene criteria (cleanliness, dress code) are written 
down and are appropriate  
    
Procedures to handle illness are written down and are appropriate     
Monitoring procedure for personnel hygiene and health is written 
down, is followed and records are kept 
    
Who is responsible in establishment     
2.8 Prevention of  contamination A B C Note 
 Criteria to prevent contamination are written down and are 
appropriate  
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Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in establishment     
2.9.3 Maintenance of facilities for personal hygiene A B C Note 
 Methods to maintain personal hygiene facilities are written down 
and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in establishment     
2.2.6;2.3.5;2.8
.2.d; 2.9.3.b 
Waste management A B C Note 
 Methods to handle sewage and processing waste are written down 
and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in establishment     
2.9.4 Recalls and traceability A B C Note 
 Methods to allow full traceability and recall of product are written 
down and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in establishment     
2.9.2.h Training A B C Note 
 Training policy and program are written down, are appropriate 
and followed 
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in establishment     
2.9.1.a Pest Control A B C Note 
 Pest control procedures are written down and are appropriate     
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in establishment     
2.8.3 Transport and storage A B C Note 
 Temperature and cleanliness criteria for transport and storage are 
written down and are appropriate 
    
Monitoring procedure is written down, is followed and records 
are kept 
    






APPENDIX 4-3: ON-SITE DOCUMENT REVIEW AND OBSERVATIONS FOR 
FISH MARKET 
 




Number of workers: Date of survey: 
Fish species for trading: 
 
 
A = Compliance, good or only minor deficiencies (no safety risk) 
B = Non-compliance (major or serious deficiencies, which could lead to a safety risk if 
not controlled). Any condition or situation rated as a B requires a plan or program for 
rapid improvement. Repetitive or cumulative B-ratings can lead to a critical situation. 
C = Serious Non-compliance. A serious non-compliance is a situation that poses an 
immediate risk of unsafe food being sold or if allowed to continue will result in unsafe 
food being sold. 
 
 
FISH MARKET ASSESSMENT 
Standard Ref. Requirements A B C Note 





Location     
 Condition of grounds outside the premise – appropriate 
for transportation and electricity supply and water 
    
Condition of the premise outside wall – specially 
separated from waste areas and residential areas, have 
good sewerage and waste water systems 
    






Layout Layout and flow of goods and people allows easy to 
access, clean, and prevents contamination 
    
Non-fish areas are separated e.g. Chemicals, Ice 
shaving area, waste areas 
    
2.2.7 Selling areas are easy to assess, separated from the 
produce to prevent contamination  





Path are appropriate for transportation (non-smooth, 
impermeable, hard-wearing) 
    
Roof is hard-wearing and ventilation      
2.2.4 Floors are non-smooth, impermeable, washable, non-
skid, not subject to rod, hard-wearing 
    
2.2.5 Walls are smooth, washable, light-coloured, not subject 
to rot, paved tile or cement (up to 2 metres high) to 
allow easy cleaning and drainage of wash and rinse 
water. 
    
2.2.2.g Drains are well designed, sufficient and maintained in good 
repair 
    
There is protection against back-siphoning, or other 
sources of contamination 
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FACILITIES IN FISH MARKETS A B C Note 
2.2.10 Water 
and ice 
Water is sufficient in quantity and available, Water 
tanks are located appropriately  
    
Taps are sufficient quantity and installed in appropriate 
place 
    
2.2.9 Ice is sufficient in quantity and available, Ice storage 
facility well designed and kept in good order and repair 











Chilling room or insulated boxes are sufficient, well 
designed and kept in good order and repair  
    
Made of appropriate materials, easy to wash and clean     
2.3.2 Containers or working tables for fish made of 
appropriate materials, in proper repair and well 
designed. 
    
2.4.1 Loading or unloading machinery  are designed well, 
easy to clean and kept in good repair   
    
Means of transport are designed well for fish, easy to 
clean and kept in good repair – Food contact surfaces 
are made of appropriate materials 
    
2.2.2.b Hygiene Waiting rooms are sensibly located, are well designed 
and kept in good repair  
    
2.5.1 Toilets are sensibly located and in sufficient numbers 
and kept in good repair 
    
2.2.10 Hand-washing and sanitizing stations are  in sufficient 
numbers, well designed, well located and kept in good 
repair  
    
2.5.3 Hand-washing soap or liquid is sufficient at hand-
washing stations, sanitizers is sufficient and with clear 
labels.  
    
2.5.2 Cleaning tools and equipments are sufficient in 
numbers, well designed, well located and kept in good 
repair 





Waste bins are well designed (with lids) and kept in 
good order and repair  
    
2.5.5 Leaves the property in a condition that meets 
environmental laws 





2.2.9;2.2.10 Safety of water and ice A B C Note 
 Criteria are written down and are appropriate      
Monitoring procedure is written down, is followed and records 
are kept 
    
2.5.3.b Cleaning and disinfection A B C Note 
 Cleaning and disinfection methods (food contact and non-contact 
surfaces) are written down and are appropriate 
    
Monitoring procedure for cleanliness is written down, is followed 
and records are kept 
    
Who is responsible in fish market     
2.5.3.a Personnel hygiene and health A B C Note 
 Personnel hygiene criteria (cleanliness, dress code) are written     
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down and are appropriate  
Procedures to handle illness are written down and are appropriate     
Monitoring procedure for personnel hygiene and health is written 
down, is followed and records are kept 
    
Who is responsible in fish market     
2.5 Prevention of  contamination A B C Note 
 Criteria to prevent contamination are written down and are 
appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fish market     
2.5.3.a Maintenance of facilities for personal hygiene A B C Note 
 Methods to maintain personal hygiene facilities are written down 
and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fish market     
2.5.4 Waste management A B C Note 
 Methods to handle sewage and processing waste are written down 
and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fish market     
2.2.6 Recalls and traceability A B C Note 
 Methods to allow full traceability and recall of product are written 
down and are appropriate  
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fish market     
2.5.3.a Training A B C Note 
 Training policy and program are written down, are appropriate 
and followed 
    
Monitoring procedure is written down, is followed and records 
are kept 
    
Who is responsible in fish market     
2.4.1 Transport and storage A B C Note 
 Temperature and cleanliness criteria for transport and storage are 
written down and are appropriate 
    
Monitoring procedure is written down, is followed and records 
are kept 
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APPENDIX 4-4: NOTATIONAL ANALYSIS METHOD  
 
Table 4-I (below): The definition for hand contamination was based on government 
regulations of hand contamination for fish handler. Regulations also require that the fish 
handlers should wash their hands thoroughly before handling food, after using the toilet, 
after handling raw foods or waste, before starting work, after any activities that can cause 
contaminated for hands (MARD, 2009b) . Tools and surfaces contamination was based 
on government regulations for tool and surface contamination (see Table 4-I below). 
Regulations also require that contaminated items (surfaces, equipment, containers, and 
tools) are cleaned after each time of using and ensured clean before using (MARD, 
2009b, 2009c). The definition for adequate cleaning and hand washing based on 
government regulation - QCVN 02-01: 2009/BNNPTNT and attempted hand hygiene 
actions, cleaning actions and washing of container are given in Table 4-I below. 
A coding system used for recording workers’ actions are developed and revised during 
piloting work. Notational analysis forms are structured for recording of up to 35 actions 
on one sheet thus no need to count actions. Codes are developed to describe the contact 
between hands (HDS), fish or foods (e.g. FHS – fish, FOD- food), container (e.g. CON–
container), tool (e.g. SCL –Scaler, SHL – shovel) and surfaces (e.g. SUR – work surfaces 
GRN – ground). Each tools, containers and work surfaces were allocated numbers for 
tracking of objects in subsequent data analysis. Hands that may be contaminated to fish to 
be coded Pcon – potentially contaminated. Each time a action was contaminated hand or 
contaminated tools, equipment, and surfaces (e.g. HC for hand contaminated and TC for 
tool contamination) was placed in the first column and a X symbol was placed in the 
second column, thus allowing the number of hand contaminations or tool and surfaces 
contaminations to be easily tallied. An X in the columns ATT demonstrated the attempted 
implementation of each food safety action. 
A real-life example of notational coding is presented in Figure 4-I below. The worker’s 
hand and shovel may have contaminated the fish because his hands touched a bin (Action 
5). The workers may also have contaminated the fish because of touching money before 
touching the fish. Thus, ‘contaminated hands in 2 times’ was recorded. There were no 
attempts to clean the scaler between actions 4 (scaler put in dirty ground) and 11 and no 
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cleaning the ice shovel between action 9 and 15, posing a risk of contamination to fish; 
hence a ‘contaminated tool’ was recorded two times.  In action 30, the participant 
attempted to wash their hands after eating, but neglected to use soap.  Thus, attempting 
hand washing was recorded.  
Analysis 
Data were analysed using Microsoft Excel (Microsoft, Redmond. Wash). The sequences 
of actions for all workers were analysed to establish the number of times each of hands 
was contaminated; food safety actions were required for cleaning tools or surfaces or 
equipments; the number of times an attempt was made to carry out hand washing and 
cleaning tools or equipments, or surfaces; and the number of times food safety actions 
were carried out to clean adequately.  
Table 4-I. Recommended hand washing and cleaning actions recorded during 










action after hand 
contamination 
by QCVN 02-01: 
2009/BNNPTNT 
Description of 




- After touching bare 
human body parts other 
than clean hands and 
clean, exposed portions 
of arms. 
- After using the toilet 
room.  
- After caring for or 
handling animals. 
- After coughing, 
sneezing, using a 
handkerchief or 
disposable tissue, using 
tobacco, eating, or 
drinking. 
- After handling soiled 
equipment or utensils.  
- no washing hand 
before donning gloves 
for working with food. 








the cleaning  
compound 
manufacturer and  
Thorough rinsing 
under clean, 
running water.  
 
-Approaching a sink, 
turning on water 
followed by a minimum 
of hand rinsing or 
If wearing gloves: 
- Removing gloves, 
approaching a sink, 
turning on water 
followed by a minimum 
of hand rinsing. 
- Approaching a water 
container, dip hands or 
gloved hands in   and 
followed by minimum 
of hand washing. 
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activities that 
contaminate the hands. 
Glove 
changing 
If used, Single-Use 
gloves shall be used for 
only one task, used for 
no other purpose, and 
discarded when 
damaged or soiled, or 
when interruptions 






The surface, containers, 
or tools, which could 
come into contact with 
fish, are touched by 
potentially contaminated 
objects and prior to 
contact with 
contaminated hands  
Washing with 






- A minimum of wiping 
working surfaces with a 
wet cloth. 
- Approaching a sink, 
turning on water 
followed by a minimum 
of tool and fish 
container rinsing.  
- Approaching a water 
basket or water tanks 
dip tools or fish 
containers in and 
followed by minimum 
of hand tool or fish 






















1 HDS FHS     HDS-hands pick up; FHS-fish 
2 FHS SCL1     FSH-Fish scale by ; SCL- scaler 
3 FHS CON1     FHS-fish put in; CON- Container  
4 SCL1 GRN     SCL- scaler put on GRN-  dirty 
ground with waste  
5 HDS BIN  HC1 X  HDS-hand; BIN- touching a bin 
6 HDS CLT     HDS-hand rub off dirty on; CLT-
clother  
 
7 HDS SHL1     HDS-hand pick up; SHL- ice shovel 
8 SHL1 FHS Pcon 
from 5 
   SHL-take ice into; FHS-fishes 
9 SHL1 GRN     SHL-put on; GRN- dirty ground 
10 HDS MON  HC2 X  HDS-hand pick up; MON-money 
11 HDS SCL1 Pcon 
from 4 
TC1 X  HDS-hand pick up; SCL – scaler 
12 HDS FHS Pcon 
from5,10 
   HDS-hand pick up; FHS-fishes 
13 FHS SCL1 Pcon 
from 4 
   FHS-fish was scaled by; SCL -scaler  
14 FSH CON2     FSH-fish put in: CON: container 










    . 
. 
. 
29 HDS SUR     HDS-hand wipe off; SUR-surface 
30 HDS WSH No soap   X HDS-hand; WSH-washed with no 
soap 
Key: R- required, ATT – attempted, HC – hand contaminated, TC – tools or surfaces 
contamination, Pcon – potentially contaminated to fish. 
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Observation time:…………………. Until…………. 
Area Observation…………………………………………. 
Batch Number: …………………………………………… 





No Time Temperature 
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APPENDIX 5-1: GUIDELINES FOR IN-DEPTH INTERVIEWS 
Guideline 1: in-depth interviews with managers at fishing ports and fish markets 
and authorities 
Tasks to do before interviewing  
- Introduce myself, summary of the research to the interviewee. 
- Ask again confirm his/her voluntary participation to the research. 
- Inform interviewee that information provided by the interviewee will be kept secretly and 
will be destroyed completely after the project is finished. 
- Ask permission for voice recording If he/she agrees, the interview will be recorded on a 
voice recorder; if not, both the interviewer and assistants will take notes. 
- Name of interviewer:………… ……………………………………………………… 
- Interview number:………………………………....………………………………….. 
- Location/field-site:………………..…………………………………………………… 
- Date of interview:……………………………………………………..……………… 
Objectives of the interviews: 
1. To identify all the factors that may contribute to safe food handling behaviours of 
fish distributors.     
2. To explore the most important factors affecting safe food handling behaviours of fish 
distributors. 
Note: These questions are indicators only. Other questions may be raised during the 
interviews 
Experience and food safety program: 
1. Could you please tell me about your experience and how long you have been 
working at this position? 
2. Could you please tell me the regulations and the programs that have been put in 
place to ensure food safety for seafood? 
- What are the main practices for safe seafood handling? 
- What role do you play in making it work? 
- What have been the major issues in implementing it?  
 254 Appendices 
Factors that may contribute to safe food practice among fish distributors 
1. What do you think are the main factors that affect fish distributors in following, or 
not following, the regulations or your food safety program? 
Probes 
In case the factors include some specific sub-factors, please give specific 
examples of each factor (For example, there could be some factors such as  
working environment, which includes relationship with managers, relationship 
with co-workers, workload, etc. worker characteristics including experience age) 
2. How does each of these factors contribute to food safety practice of fish 
distributors? (Eg. Could each factor influence food safety practices in proportion 
or inverse proportion?) 
3. What do you think are the key factors that affect fish distributors in following 
regulation and/or the food safety program? 
4. What do you think the best solution is to improve the current implementation of 




Guideline 2: in-depth interviews with fish distributors (retailers, traders, fish 
handlers) 
Tasks to do before interviewing  
- Introduce myself, summary of the research to the interviewee. 
- Ask again confirm his/her voluntary participation to the research. 
- Inform to interviewee that information was provided by the interviewee will be kept 
secretly and will be destroyed completely after the project finished. 
- Ask permission for voice recording If he/she agrees, the interview will be recorded on a 
voice recorder; if not, both the interviewer and assistants will take notes. 
- Name of interviewer:………… ……………………………………………………… 
- Interview number:………………………………....………………………………….. 
- Location/fieldsite:………………..…………………………………………………… 
- Date of interview:……………………………………………………..……………… 
Objectives of the interviews: 
1. To identify all the factors that may contribute to safe food handling behavious of fish 
distributors.     
2. To explore about the most important factors affecting safe food handling behavious 
of fish distributors. 
Note: These questions are indicators only. Other questions may be raised during the 
interviews 
Experience and food safety program: 
1. Could you please tell me about your experience and how long have you been 
working at this position? 
2. Could you please tell me the regulations and the program that have been put in 
place to ensure food safety for seafood? 
- What role do you play in making it work? 
- What have been the major issues in implementing it?  
Factors that may contribute to safe food practice among fish distributors 
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1. What do you think are the main factors that affect fish distributors in following, or 
not following the regulations or your food safety program? 
Probes 
In case the factor including some specific sub-factors, please give specific 
examples of each factor? (For example, there would be a factor as working 
environment, which includes relationship with managers, relationship with co-
workers, workload, etc) 
There are some factors such as work pace, job satisfactory, attitude,etc.  how do 
you think about these factors? 
2. How could each of these factors contribute to food safety practice of fish 
distributors? (Eg. Could each factor influence food safety practices in proportion 
or inverse proportion?) 
3. What do you think are the key factors that affect fish distributors in following 
regulations and/or the food safety program? 
4. What do you think are the barriers to implementing the food safety practices of 
fish distributors? 
5. What do you think the best solution is to improve the current implementation of 




APPENDIX 5-2: PARTICIPANTS FOR IN-DEPTH INTERVIEWS 
 
 
Position  Number of 
participants 
Fishery – Agriculture Quality Control Division in Khanh Hoa province 1 officer 
Sub-Province-level of Agriculture and Rural Development in Khanh 
Hoa province 
1 officer 
Food safety manager of the management board of a fishing port in Ba 
Ria Vung Tau Province 
1 manager 
Food safety and hygiene expert of management board of a market in Ba 
Ria Vung Tau province 
1 manager 
Food safety expert in the Seafood Processing Department in Nha Trang 
University 
1 expert 
Fish retailers in nam Tang markets in Ba Ria Vung Tau province 2 retailers 
Fish middlemen traders in Ba Ria Vung Tau province 2 traders 
Fish handlers in the fishing port in Ba Ria Vung Tau Province 2 handlers 
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APPENDIX 5-3: FOCUS GROUPS INTERVIEW SCRIPT (ENGLISH)  
  
FOCUS GROUP LOCATION:                                                                   DATE:   
LOCATION:              
PARTICIPANTS (NAME, COMPANY, PROVINCE):  
 























Good morning/afternoon and welcome everyone. Thank you for taking sometime and  
being here. My name is Luu Hong  Phuc from QUT University and I live in Nha Trang, 
Vietnam. I don’t work any of department of government. I’m a student and will identify the 
factors that influence or affect people in the implementation of food safety. I am trying to get 
information about your work environment to identify barriers and factors to follow the 
regulation of food safety. You were selected because you have certain things in common that 
can help us to run the discussion. Your opinion is very important for us, therefore we will be 
tape-recording your opinions and code them to protect your confidentiality. This is going to 
allow us do not miss any of your opinions.  My assistant will be taking paper and pencil 
notes of what is said. This is just a precaution to insure we obtain the data from the focus 
group in case the tape recorder should malfunction. You have a marker and a piece of paper 
with you. Would you please write down your name in the sheet of paper and place it front of 
you. 
ICE BREAKER:  
Let’s go around the table and introduce ourselves. Please tell us. Where do you come from? 
What do you like doing in your free time? Where do you live here? I will start, again my name 
is Phuc Hong Luu and I live in Nha Trang. I’m studying at QUT, Australia, I would like to go 
back when I finish. I used to work for NhaTrang University. Also I like beach a lot and I can 
swim very well. In free time I like drinking Sai Gon beer. 
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FOCUS GROUP GROUND RULES AND OVERVIEW OF THE TOPIC  
  First than nothing I am going to explain what is this. A focus group is nothing more than a 
group of people discussing a topic, there are no right or wrong answers, here all your 
comments are points of view and they are going to be taken into account for the 
improvement of your workplace and us. We are interested in both your positive and 
negative comments, so bring both types of comments up.  Remember, none of this is going 
to be shared to the management. You should feel free and comfortable with all the 
viewpoints that you express here. We will be using our first names but later all the 
information will be coded and no names will be contained in the reports. Because we are 
doing focus groups in several provinces, the collected information will be pooled with the 
opinions of workers from the other provinces. Since we are tape recording this session I’m 
going to ask that you speak up and speak one at a time. If several of you speak at once, it is 
impossible to have a record of your opinions later. I’ll be moderating the discussion and 
moving us from topic to topic.  The session will last about 45 minutes but if you feel like 
stretching, need to go to the bathroom or just want to grab a drink just stand up and do so.   
 
OBJECTIVE: WARM-UP QUESTIONS.   
Topic: Short Term Illness  
How healthy have you been over the last years?  
What do you do when you get sick? What about a food-borne illness (symptoms:  
nausea, diarrhoea, fever, vomits, etc)?    
What sort of health insurance or in-house attention do you have?  
What things have made people around your family sick?  
What does the management do when you are sick? Do you have to take the day off 
TRANSITION QUESTIONS  
Now, I would like to hear first how the working environment at your workplace is and how 
you feel working there? What is the best part of your job?  What is the worst part of your job? 









CORE FOCUS GROUP (Objective: To evaluate the Pros and Cons within the 
workplace and Transforming it) (Construct: Enabling factors and reinforcing factors)  
Now let’s talk about the good and bad things in you’re your workplace. What would  
be the things that you classify as good and bad within your workplace?  (Uncued 
questions before cued questions)  
Probes:  
I will take the discussion to work pace (time pressure, high volume of business/staffing), job 
satisfaction, and organizational justices  
Why did you say that?   Why do you feel that’s good or bad?  
Is there any other comment? So, lets move on.  
There is always room for improvement; I believe that applies in this workplace too.   
How do you think we would have a better working environment and conditions?   
What about cleaning and sanitizing issues?   
What ideas do you have of something we could do? 
What about equipment, space and resource? 
What ideas do you have of something we could do? 
 
CORE FOCUS GROUP (Objective: To evaluate if the workers receive food safety 
training the at initial employment or intensity food safety training (Enabling factors)) 
(Construct: exposure to food safety training)  
 Lets talk now about the safe food handling instruction that we may be provided in variety 
of ways.  Who guide you at first time in fish industry? What are safety instructions at initial 
employment and exposure to safety training?   
Probes:  
Do you have guide for food safety at initial employment? How does it work? Who instruct 
you?  What instructions are written down in a handbook or verbal guideline? How difficult 
are those instruction to follow?  
What instructions reminders are around (signs, pamphlets, posters etc.)? 




CORE FOCUS GROUP (Objective: To discover reinforcing factors that might lead 
the workers to follow the rules and change practices) (Construct: Reinforcing factor 
(Management/ inspectors and co-workers attitude and incentives safe food handling 
practices, and negative)  
 
  Now we will talk about why we do or do not follow the rules. Do you  
remember the X rule (a food safety rule) that XXXXXX brought up earlier in this  
discussion? Do all the people follow the rule? So, what must we do to always follow  
that rule? How would an incentive such the ones you were talking about work?   
Probes: Why’s?  How’s?  
 What kind of motivational issues that can help all of us to do this? What about strict  
surveillance or a negative consequence (such as, consumer getting sick or refuse your 
products, or fired from authorities? How do you think that would work?  How are your 
co-worker’s attitudes toward safe food handling practice?  
ADJOURNMENT  
  I want to thank you for participating in this discussion tonight. Do you have any 
additional thoughts? Do you think we have missed something tonight? Thanks again and 
do not forget to pick up your award.   
CORE FOCUS GROUP (Objective: To evaluate if the workers know the  
Management/authorities Rules and Norms (Enabling factors)) (Construct: 
Appropriate working environment  
and Conditions)  
All of us are subject to rules that we have to follow. Lets talk now about the rules that we 
have at work.  What set rules are imposed by the management/authorities that are 
necessary to follow at the job?  I will direct the rules toward food safety issues and direct 
the discussion towards this topic  
Probes:  
Would you explain further that rule? How does it work? Who enforces it?   
What rules are written down in a handbook or posters? How difficult are those rules to 
follow?  
What rule reminders are around (signs, pamphlets, posters etc.)? 
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Name Position and experience  
Anh Thuan Nguyen PhD, senior lecturers – food safety and hygiene 
department – Food Technology Faculty, Nha Trang 
University, Vietnam.  
Experience and expertise in areas: instrument 
development, survey design, food safety and hygiene for 
fisheries industry, research expertise.  
Tri Minh Nguyen PhD, senior lecturers – food safety and hygiene 
department – Food Technology Faculty, Nha Trang 
University, Vietnam. 
 Experience and expertise in areas of: survey design, food 
safety and hygiene for fisheries industry, research 
expertise.   
Duc Phuoc Le Msc -Officer – expert, retail markets responsibilities, 
leader of agriculture and economic department, Nha 
Trang city, Khanh Hoa provinces, Vietnam. 
Experience and expertise in areas: food safety and 
hygiene for fisheries industry, supervision of food safety 
and hygiene in markets, research expertise. 
Hung Minh Vu Fish middlemen trader in Vung Tau province and Ben 
Tre Ben Tre province, Kien Giang province, Vietnam. 
Experience and expertise in areas: food safety and 
hygiene for fisheries industry, supervision of food safety 
and hygiene of seafood 
Loi Van Tran Fish middlemen trader in Vung Tau province, Vietnam. 
Experience and expertise in areas of: food safety and 
hygiene for fisheries industry, supervision of food safety 






APPENDIX 5-5: QUESTIONNAIRE FOR MAIN SURVEY 
 
Part I – About yourself 
 
Name: (optional )___________________  Today’s date _________________________ 
Company (optional):_____________________________________________________                     
City, Province: __________________________________________________________ 
1. Sex:         º Female            º Male 
2. Age:  º < 18      º 18 ÷ 40        º 41 ÷ 60          º > 60 
3. How long have you been working in the seafood industry (years)? Please circle your 
answer. 
      1 year   2     3     4     5    6    7    8    9   10   More than 10 year 
4. Do you work as a      º handler      º tradesman/owner      º retailer?  
 
5. Worker type               º permanent        º casual 
  
6. The highest year of school completed:  
  0          1  2  3  4  5       6 7  8  9  10  11  12         13  14  15  16 17       18+  
 (none)     (primary)      (high school)             (college/university)          (graduate school)   
 
7. Have you ever had a diagnosed fish-borne illness? If so, what? 
 
  1. Yes                      2. No 
8. What is your income from this job? (approximate income per month (x 1000 VND)) 
1.260 or less                        6.3.001-6.000 
2.261 -600                           7. 6.001-10.000 
3.601-1.000                         8. 10.000 or more 
4.1.001-1.800                      9. Don’t want to answer 
5.1.801-3.000 
 
Part II - Training and procedure manual of food safety 
 
1. Did you train for your job at  
  1. Introduction to job        2.Intensity training           3. Special training course   
 
2. Have you taken or are you currently taking any training (informal/formal/induction) in 
food hygiene and safety? 
    1. Yes                                          2. No  if No go to Q.4 
3. Where did you train? 
  1. Workshop       2. Seminar        3.Health institution      4.College     5. On the job     
6.Other  
 
4. Do you know of any food safety procedure manuals? 
 
1) Not at all 2) a little 3) Quite a lot 4) A lot 
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5. Do you know any regulations from governments for food safety and hygiene regarding 
your product? 
 
1) Not at all 2) a little 3) Quite a lot 4) A lot 
   
6. Do you know any regulations of employee health and hygiene for food employees?  
  
1) Not at all 2) a little 3) Quite a lot 4) A lot 
 
 
Part III - Food safety and hygiene knowledge 
 
1) Which of the following to identify contaminated fish? 
a) Smell bad   
b) The eyes are glazed or dull              
c) The blood along the backbone is not brightly coloured 
d) That cannot be established solely by appearance 
e) Do not know 
 
2) Pathogen microorganisms that are on/in ice for fish preservation can 
a) Grow very slow  
b) Do not grow but all still alive 
c) Some die, some alive 
d) All die 
e) Do not know 
 
3) Some pathogen microorganisms that are on/in fish preserved by ice adequately can  
a) Grow very slow 
b) Grow quite fast 
c) Do not grow 
d) All die 
e) Do not know 
 
4) Which of the following is a correct temperature of fish preservation in ice? 
a) 7
0 
C or above  
b) 4.5 
0
 C to 7
0
 C      
c) – 10 C to 40 C     
d) O
0
 C or less    
e) Do not know 
 
5) When should you wash your hand in order to minimize the risk of microbiological 
contamination of fish? 
a) Upon entering a fish handing or working area 
b) Immediately after using the toilet 
c) After eating, drinking or smoking 
d) All of the above 
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e) Do not know   
 
6) May pathogen microorganisms be contaminated by? 
a) Not using clean- glove during work 
b) Eating and drinking in the working area 
c) Improper cleaning and handling of instrument  
d) All of the above 
e) Do not know  
 
7) If the fish is displayed too long at environmental temperature (22
0
C – 270C), germs 
that are on/in raw fish will 
a) Grow slowly 
b) Grow quite fast 
c) Grow very fast 
d) Do not grow 
e) Do not know 
 
8) After eating what will food poisoning microorganisms do? 
a) Die 
b) Do not grow 
c) Grow quickly 
d) Grow slowly 
e) Do not know 
 














e) Do not know 
 
10) Which of following can be transmitted by raw fish? 
a) Typhoid  
b) Jaundice 
c) Diarrhoea 
d) All of the above 
e) Do not know 
 
11) Which of the following is among the food-borne pathogen? 
a) Salmonella 
b) Staphylococcus 
c) Listeria monocitogenes 
d) All of the above 
e) I do not know 
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12) What would you do if you were infected with disease of skin while you are at work? 
a) I would not do anything   
b) I would consider what to do and find the best possible solution in peace 
c) I would consult with my supervisor 
d) I would consult with my co-workers 
e) I do not know 
 
13) What would you do if you had symptoms of sore throat with fever while you are at 
work? 
a) I would not do anything   
b) I would consider what to do and find the best possible solution in peace 
c) I would consult with my supervisor 
d) I would consult with my co-workers 
e) I do not know 
 
 
Part IV - Food safety and hygiene attitudes 
 
 































4) To reduce the risks of fish contamination, I should use cap, mask, adequate clothing, 










5) When fish is placed in ice, measuring the temperature (from -1
0
 C to + 4
0
 C) of fish 










6) When fish are exposed to air during handling, to know the duration of this can reduce 























8) To reduce the risks of fish-borne illness, I should clean containers and tools, and 











9) To reduce the risks of fish contamination I should not touch fish if I have typhoid, 










10) Evaluation of health status of the workers before employment is necessary to prevent 













Part V - Concern of management, co-workers and consumers about food safety 
 
1. How often are you asked/checked to ensure the implementation of the regulation of 
employee health (medical checked up with purpose in food handling)? 
1) Never 2) Rarely 3) Sometimes 4) Often  5) Always  
 
2. Do you receive any encouragement to report your illness to management? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
3. Do your managers talk about/encourage safe food handling practices? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
4. Do your managers pay attention to your food safety?  
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
5. Do the food safety inspectors visit your workplace? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
6. Do your co-workers talk about/show concern about food safety and hygiene? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
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7. Do your consumers show concern about food safety and hygiene of your product? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
8. Do your consumers return your products because of unsafe products? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
 
Part VI - Satisfaction of working conditions and job 
 
1. Are you satisfied with structural environment (e.g., sinks, toilet, and floor), equipment, 





3) Uncertain 4)not satisfied 5) Strongly 
not satisfied 
 
2. Are you satisfied with cleaning and sanitizing of structural environment (e.g., sinks, 





3) Uncertain 4)not satisfied 5) Strongly 
not satisfied 
 
3. Are you satisfied with time pressure caused by high volume of business and/or 





3) Uncertain 4)not satisfied 5) Strongly 
not satisfied 
 
4. Are you satisfied with time pressure caused by your manager/consumer “rushes” 





3) Uncertain 4)not satisfied 5) Strongly 
not satisfied 
 





3) Uncertain 4)not satisfied 5) Strongly 
not satisfied 
   
6. Are you satisfied with your organizational justice? (i.e. procedural justice and/or 





3) Uncertain 4)not satisfied 5) Strongly 
not satisfied 
   
 
Part VII - Food safety and hygiene practice 
 
1. Do you use clean gloves when you touch or distribute raw fish?  
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
2. Do you wash your hands before entering your work place?  




3. Do you use clean protective clothing when you touch or distribute raw fish?  
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
4. Do you use a mask and cap when you touch or distribute raw fish?  
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
5. Do you wash your hands or your gloves after touching contaminated objects (dirty 
objects)? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
6. Do you wash your hands after using the toilet? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
7. Do you wash your hands after rest time when you come back to work? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
8. Do you eat or drink in your working area? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
9. Do you place raw fish on the floor? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
10. Do you check temperature of raw fish during storage or handling? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
  
11. Do you check duration for which fish are exposed to surrounding temperatures during 
handling? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
12. Do you wash fish containers, tools, and equipments when they are dirty? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
13. Do you wash containers, tools, and equipment with detergent/disinfectant/sanitizer 
when they are dirty? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
14. Do you clean working surfaces, tools, and equipment after working? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
15. Do you clean working surfaces, tools and equipment with 
detergent/disinfectant/sanitizer after working? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
16. Do you still work the same task (touching fish) when you have symptoms of sore 
throat with fever? 
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1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
17. Do you still work the same task (touching fish) when you have symptoms of 
diarrhoea or vomiting? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
18. Do you still work the same task (touching fish) when you have infected cuts and 
burns with pus on hands and wrists? 
1) Never 2) Rarely 3) Sometimes 4) Often 5) Always 
 
 
Additional questions for traders  
 
How do you think to comply with all of the food safety laws and regulations? Which component 
of food safety laws and regulations are not necessary? Why? 
 
What is challenging to comply with food safety laws and regulations (money, time, staff, 
experience, information, support, knowledge, motivation, management system, trust, trust. etc)? 
Why? 
 
What would make it easier for you to understand and implement all food safety requirements in 
your business? 
 
Are there any ways in which you think the government could do to support you and your 
business in relation to food safety? 
 







APPENDIX 5- 6: MEASUREMENT SCALE AND CODING OF VARIABLES 
Variable Measurement scale Coding 
Demographic 
Gender Categorical, Dichotomous  1= Male; 2 = Female 
Age Categorical, Ordinal 1 = <18; 2=18-40; 3= 41-60; 4= >60 
Duration of working life (employment)  Categorical, Nominal 1= ≤ 1; 2 = 2,3,4,5,6,7,8,9,10; 3= > 10 
Year of school completed Categorical, Nominal 0=None; 1=Primary; 2=Secondary; 
3=high school; 4=College/University  
Worker characteristics 
Job position  Categorical, Nominal 1= Handler; 2= tradesman/owner; 3= 
retailer 
Worker type Categorical, Nominal 1=Permanent; 2=Casual 
Diagnosed fish-borne illness Categorical, Dichotomous 1=Yes; 0=No 
Income level Categorical, Ordinal 1=1,2,3,4(Low/Very low); 2 
=5,6(Moderate); 3=7,8(High/Very high); 
4= 9 (no answer) 
Training and procedure manual of food safety and hygiene 
Type of training for job Categorical, Nominal 1=Introduction to job; 2=Intensity 
training; 3=Special training course 
Food safety and hygiene training Categorical, Dichotomous 1=Yes; 0=No 
Type of training Categorical, Nominal 1=Workshop; 2=Seminar; 3=Health 
institutions; 4=College; 5=On the job; 
6=Other 
Understanding of food safety procedure 
manual  
Categorical, Ordinal 1=Not at all; 2=A little, 3= Quite a lot; 
4=A lot 
Understanding of food safety regulation 
levels 
Categorical, Ordinal 1=Not at all; 2=A little, 3= Quite a lot; 
4=A lot 
Understanding regulations of employee 
health 
Categorical, Ordinal 1=Not at all; 2=A little, 3= Quite a lot; 
4=A lot 
Knowledge of food safety and hygiene 
Microbiologic hazard development  Categorical, Ordinal 3= no knowledge; 4-5=moderate 
knowledge; 6= good knowledge
 
Pathogen microorganisms on/in ice  1=b; 2=a, d, c, and e
 
Pathogen microorganisms on/in fish 
preserved by ice 
 
1=a; 2=b, c,  d, and e
 
Pathogen microorganisms in the body 
 
1=c; 2=a, b, d, and e
 
Identifying fish contamination  and fish-
borne illness 
Categorical, Ordinal 4= no knowledge; 5= low  knowledge; 
6=moderate knowledge; 7-8= good 
knowledge
 
Identifying contaminated fish  1 = d; 2 = a, b, c, and e
 
Routes of contamination   1 = d; 2 = a, b, c, and e
 
Disease transmitted by raw fish   1 = d; 2 = a, b, c, and e
 
Food-borne pathogen microorganism  1 = d; 2 = a, b, c, and e
 
Temperature regarding food safety Categorical, Ordinal 3= no knowledge; 4= low knowledge; 
5=moderate knowledge; 6= good 
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knowledge
 
Correct temperature of fish preservation    1 = c; 2 = a, b, d, and e
 
Keeping fish at environmental temp.  1 = b; 2 = a, c, d, and e
 
Temperature for bacteria multiplication  1=b; 2 = a, c, d, and e
 
Personal hygiene and worker’s health Categorical, Ordinal 3= no knowledge; 4= low knowledge; 
5=moderate knowledge; 6= good 
knowledge.
 
Washing hands regulation  1 = d; 2 = a, b, c, and e
 
Infected with disease of skin while working  1 = c; 2 = a, b, c, and e
 
Symptoms of sore throat with fever while 
working 
 1 = c; 2 = a, b, c, and e
 
Attitudes to risks and control 
Attitude to food safety in job responsibility 
and training  
Continuous
 
Attitude to risk of fish-borne illness from 
personal hygiene  
Continuous
 
Attitude to risk of fish-borne illness from  
time and temperature  
Continuous
 
Attitude to risk of fish-borne illness from 
fish contact surface 
Continuous 
Concern of management, co-workers, and consumers about food safety  
Monitoring the implementation of 
regulation of employee health 
Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Encouragement to report illness Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Manager/Authorities talk about/ encourage 
food safety 
Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Manager/Authorities pay attention  to food 
safety 
Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Inspectors visit the workplace Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Co-workers talk/concerned  about food 
safety 
Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Consumer concern about food safety Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Consumer return of product because of food 
safety 
Categorical, Ordinal 1=Never; 2=Rarely; 3=Sometimes; 
4=Often; 5=Always; 
 
Working condition and job 
Working conditions satisfaction  Continuous 
Work pace Continuous 
Job satisfaction Continuous 
Food safety and hygiene practice 
Personal hygiene  Continuous
 
Cleaning contact surfaces Continuous
 








Item-Total Statistics of working conditions satisfaction 
 Scale Mean if 
Item Deleted 
Scale Variance 





Alpha if Item 
Deleted 
Satisfied_Environment 14.3387 5.834 .668 .774 
Satisfied_cleaning_Sanitizing 14.3226 5.894 .652 .777 
Satisfied_timePress 13.9355 6.324 .595 .791 
Satisfied_timepress_fro_man
a_cons 
14.3548 6.036 .772 .757 
Satisfied_job_stress 14.2903 6.504 .547 .800 
Satisfied_organization 13.7581 6.908 .336 .846 
 
Item-Total Statistics of attitudes to risks and control 
 Scale Mean if 
Item Deleted 
Scale Variance 





if Item Deleted 
Safe_food_important 27.8226 21.263 .580 .842 
Fish_borne_illness_caus_de
sea 
27.3710 22.467 .756 .833 
Learn_more_food_safety 27.7258 20.596 .594 .841 
Should_use_cap_glove 27.8871 23.151 .473 .850 
Measuring_temp_regular 27.4677 23.138 .362 .861 
Duration_check 27.2258 23.030 .454 .852 
Preserve_clean_place 27.0968 21.630 .699 .832 
Washing_container_surfaces 27.7903 21.185 .762 .827 
Not_work_disease 28.0806 22.338 .588 .841 
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Item-Total Statistics of food safety and hygiene practice 
 Scale Mean if 
Item Deleted 




Cronbach's Alpha if Item 
Deleted 
Clean_glove 44.4677 11.892 .108 .689 
Wash_hands 44.6613 10.490 .532 .642 
Clean_Clothing 44.4516 10.416 .604 .636 
Use_mask_cap 44.4355 10.414 .615 .635 
Wash_hands_glove 44.2742 11.415 .261 .674 
Wash_hands_toalet 43.8548 10.684 .337 .664 
Wash_hands_rest 44.9355 11.996 .116 .687 
Eat_drink_work 44.2903 11.882 .126 .687 
Place_fish_ground 44.5968 10.868 .408 .657 
Check_temperature 44.2742 11.088 .410 .659 
Check_duration 44.2903 10.242 .704 .627 
Wash_baskets 44.4516 10.448 .592 .637 
Wash_basket_Sanitizer 45.2581 11.736 .225 .677 
Clean_surface 44.6129 10.733 .451 .652 
Clean_surface_sanitizers 45.2097 12.037 .114 .686 
Work_sorethroat 44.4032 12.081 .015 .705 
Work_diarrhea 44.4032 13.589 -.319 .752 











APPENDIX 5-8: DETAILS OF ANSWERS FOR QUESTIONNAIRES  
 
Scores of answers for working conditions 
 
Questions N Min Max Mean (SDs) 
Satisfaction of working condition 180 3 8 4.93(1.05) 
Are you satisfied with structural 
environment (e.g. sinks, toilets, and 
floor), equipment, and resource at your 
workplace? 
180 1 4 2.46(0.64) 
 Are you satisfied with cleaning and 
sanitizing of structural environment 
(e.g. sinks, toilets, and floor) and 
equipment at your working?  
180 1 4 2.47(0.67) 
Satisfaction of work pace 180 4 9 5.32(1.27) 
Are you satisfied with time press (high 
volume of business and staffing) that 
affected your food safety practices?  
180 2 5 2.74(0.77) 
Are you satisfied with time press 
(manager/consumer “rushes” that 
affected your food safety practices 
180 2 4 2.58(0.65) 
Satisfaction of job 180 3 8 4.93(1.05) 
Are you satisfied your job in term of 
job stress? 
180 2 5 2.77(0.71) 
Are you satisfied with your work? (i.e. 
procedural justice and/or relationship 
with supervisors/ authorities, nature of 
work )? 
 
180 1 4 2.61(0.67) 
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Satisfaction of working 
condition 
3.6 51.9 38.9 5.6  
Are you satisfied with 
structural environment (e.g. 
sinks, toilets, and floor), 
equipment, and resource at 
your workplace? 
1.7 57.2 34.4 6.7  
 Are you satisfied with 
cleaning and sanitizing of 
structural environment (e.g. 
sinks, toilets, and floor) and 
equipment at your working?  
5.6 46.7 43.3 4.4  
Satisfaction of work pace  47.5 39.7 11.9 0.8 
Are you satisfied with time 
press (high volume of 
business and staffing) that 
affected your food safety 
practices?  
 44.4 38.9 15.0 1.7 
Are you satisfied with time 
press (manager/consumer 
“rushes” that affected your 
food safety practices 
 50.6 40.6 8.9  
Satisfaction of job 0.8 41.7 45.6 11.9  
Are you satisfied your job in 
term of job stress? 
 38.9 46.1 15.0  
Are you satisfied with your 
work? (i.e. procedural justice 
and/or relationship with 
supervisors/ authorities, 
nature of work )? 
1.7 44.4 45.0 8.9  
  
Appendices 277 
Score for answers about food safety and hygiene practice 
 
Questions N Min Max Means (SDs) 
Personal hygiene 180 22 33 26.29(2.33) 
Do you use clean gloves when you touch or 
distribute raw fish? 
180 2 4 2.41(0.57) 
Do you use clean protective clothing when 
you touch or distribute raw fish? 
180 1 3 2.14(0.36) 
Do you use a mask and cap when you touch 
or distribute raw fish? 
180 2 3 
2.23(0.38) 
Do you wash your hands or your gloves 
after touching contaminated objects (dirty 
objects)? 
180 2 4  
2.42(0.54) 
 
Do you wash your hands after having toilet? 180 2 4 
2.67(0.62) 
Do you wash your hands after rest time 
when you come back to work? 
180 1 3 2.06(0.28) 
Do you eat or drink in your working area? 180 1 4 2.29(0.49) 
Do you still work the same position as 
touching raw fish when you have symptoms 
of sore throat with fever? 
180 2 4 2.56(0.57) 
Do you still work the same position as 
touching raw fish when you have symptoms 
of diarrhea or vomiting? 
180 2 4 2.69(0.62) 
Do you still work the same position as touching 
raw fish when you have infected cuts and burns 
with pus on hands and wrists? 
180 2 4 2.69(0.71) 
Preventing contamination and cleaning 180 9 16 12.09(1.54) 
Do you place raw fish on the ground? 180 2 4 2.59(0.57) 
Do you wash fish containers after working? 180 2 4 2.42(0.57) 
Do you wash fish containers with 
detergent/disinfectant/sanitizer? 
180 1 3 2.39(0.50) 
Do you clean working surfaces and 
equipment? 
180 1 4 2.33(0.49) 
Do you clean working surfaces and 
equipment with detergent/disinfectant/ 
sanitizer? 
180 1 3 2.37(0.53) 
Controlling time and temperature 180 3 7 5.11(0.91) 
Do you check temperature of raw fish 
during storage or handling (not using 
thermometer)? 
180 2 4 2.55(0.55) 
Do you check duration that fish are exposed 
to environment temperature during 
handling? 
180 1 4 2.56(0.63) 
 
